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Intensive solid state research, 
the development 
of 
advanced 
manufacturing 


techniques 
and continued 


expansion 
has enabled 


Hewlett-Packard 
to become 
a 


high volume 
supplier of 
quality, competitively 
priced 


LEDdisplays, LEDlamps, light 
bars, bar graph arrays, 


optocouplers, 
fiber optics, 
shaft encoders, and bar code 
products. 


In addition 
to our broad 
product 
line, Hewlett-Packard 
also offers the following 
seNices: immediate 
delivery 
from any of our authorized 
stocking distributors, 


applications 
support, special 
QA testing, and a one year 
guarantee 
on most of our 


optoelectronic 
products. 


Thispackage 
of products 
and 
seNices has enabled 
Hewlett- 


Packard to become 
a 
recognized 
leader in the 


optoelectronic 
industry. 
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. 
1-32 
HLMP-6420 
...................... 
1-54 


HLMP-3507 
..................... 
. 
1-32 
HLMP-6500 
...................... 
1-54 


HLMP-3517 
..................... 
. 
1-32 
HLMP-6520 
...................... 
1-54 


HLMP-3519 
..................... 
. 
1-32 
HLMP-6600 
...................... 
1-25 
HLMP-3553 
..................... 
. 
1-36 
HLMP-6607 
...................... 
1-25 


HLMP-3554 
..................... 
. 
1-36 
HLMP-6620 
...................... 
1-25 


HLMP-3567 
..................... 
. 
1-36 
HLMP-6627 
...................... 
1-25 


HLMP-3568 
..................... 
. 
1-36 
HLMP-6653 
...................... 
1-58 
HLMP-3590 
..................... 
. 
1-15 
HLMP-6654 
...................... 
1-58 
HLMP-3600 
..................... 
. 
1-21 
HLMP-6655 
...................... 
1-58 


HLMP-3601 
..................... 
. 
1-21 
HLMP-6656 
...................... 
1-58 


HLMP-3650 
..................... 
. 
1-21 
HLMP-6658 
...................... 
1-58 


HLMP-3651 
..................... 
. 
1-21 
HLMP-6753 
...................... 
1-58 
HLMP-3680 
..................... 
. 
1-21 
HLMP-6754 
...................... 
1-58 
HLMP-3681 
..................... 
. 
1-21 
HLMP-6755 
...................... 
1-58 


HLMP-3750 
..................... 
. 
1-15 
HLMP-6756 
...................... 
1-58 
HLMP-3850 
..................... 
. 
1-15 
HLMP-6758 
...................... 
1-58 


HLMP-3950 
..................... 
. 
1-15 
HLMP-6853 
...................... 
1-58 
HLMP-4600 
..................... 
. 
1-29 
HLMP-6854 
...................... 
1-58 
HLMP-4601 
..................... 
. 
1-29 
HLMP-6855 
...................... 
1-58 


HLMP-4610 
..................... 
. 
1-29 
HLMP-6856 
...................... 
1-58 


HLMP-4700 
..................... 
. 
1-11 
HLMP-6858 
...................... 
1-58 


HLMP-4719 
..................... 
. 
1-11 
HLMP-7000 
........................ 
1-11 


HLMP-5000 
...................... 
1-19 
HLMP-7019 
...................... 
1-11 


HLMP-5005 
..................... 
. 
1-19 
HPBK-2000 
...................... 
9-2 


HLMP-5012 
...................... 
1-19 
JANTX1 N5765 .................... 
1-64 


HLMP-5029 
...................... 
1-63 
JANTX1 N6092 .................... 
1-64 


HLMP-5030 
...................... 
1-19 
JANTX1 N6093 .................... 
1-64 


HLMP-5040 
...................... 
1-19 
JANTX1 N6094 .................... 
1-64 


HLMP-5050 
...................... 
1-19 
JAN1N5765 
...................... 
1-64 


HLMP-5060 
...................... 
1-19 
JAN1N6092 
...................... 
1-64 


HLMP-5070 
...................... 
1-19 
JAN1N6093 
...................... 
1-64 


HLMP-5080 
...................... 
1-19 
JAN1 N6094 
. ..................... 
1-64 


HLMP-6000 
...................... 
1-54 
M19500/519-01 
................... 
1-6'" 
HLMP-6001 
...................... 
1-54 
M19500/519-02 
................... 
1 


New Products in BOLD Type. 


ix 


M19500/521-02 
................... 
1-64 
5082-4488 (see HLMP-1201) 
1-49 


SL5505 
.......................... 
5-15 
5082-4494 (see HLMP-1002) 
1-49 


1N5765 
......................... 
. 
1-64 
5082-4520 (see 1N6043) 
........... 
1-64 


1N6092 
.......................... 
1-64 
5082-4550 (see HLMP-3400) 
1-32 


1N6093 
.......................... 
1-64 
5082-4555 (see HLMP-3401) 
1-32 
1N6094 
.......................... 
1-64 
5082-4557 (see HLMP-3415) 
1-32 
16800A 
.......................... 
7-3 
5082-4558 (see HLM P-3416) 
1-32 


16801A 
.......................... 
7-3 
5082-4570 (see HLMP-0401) 
1-51 
16830A 
.......................... 
7-3 
5082-4584 
(see HLMP-0401) 
1-51 


16831A 
......................... 
. 
7-3 
5082-4587 
........................ 
1-64 


39301A 
.......................... 
6-61 
5082-4590 (see HLMP-3450) 
1-36 
4N45 
............................ 
5-66 
5082-4592 (see HLMP-3451) 
1-36 


4N46 
............................ 
5-66 
5082-4595 (see HLMP-3465) 
1-36 
4N51 
............................ 
3-136 
5082-4597 (see HLMP-3466) 
1-36 
4N51TXV 
....................... 
. 
3-136 
5082-4620 (see 1N6092) 
........... 
1-64 
4N51TXVB 
....................... 
3-136 
5082-4650 (see HLMP-3300) 
1-32 
4N52 
............................ 
3-136 
5082-4655 (see HLMP-3301) 
1-32 


4N52TXV 
........................ 
3-136 
5082-4657 (see HLMP-3315) 
1-32 
4N52TXVB 
....................... 
3-136 
5082-4658 (see HLMP-3316) 
1-32 
4N53 
............................ 
3-136 
5082-4670 (see HLMP-0301) 
1-51 
4N53TXV 
........................ 
3-136 
5082-4684 
(see HLMP-1301l 
1-44 
4N53TXVB 
...................... 
. 
3-136 
5082-4687 
........................ 
1-64 


4N54 
............................ 
3-136 
5082-4690 
(see HLMP-3350) 
1-36 
4N54TXV 
........................ 
3-136 
5082-4693 
(see HLMP-3351) 
1-36 
4N54TXVB 
....................... 
3-136 
5082-4694 (see HLMP-3365) 
1-36 
4N55 
............................ 
5-103 
5082-4695 (see HLMP-3366) 
1-36 
4N55/883B 
....................... 
5-103 
5082-4707 (see HLMP-0103) 
1-62 


4N55TXV 
........................ 
5-103 
5082-4732 (see HLMP-1142) 
1-27 


4N55TXVB 
...................... 
. 
5-103 
5082-4787 
........................ 
1-64 
5082-4100 
(see HLMP-6000) 
1-54 
5082-4790 
(see HLM P-3200) 
1-36 
5082-4101 
(see HLMP-6001) 
1-54 
5082-4791 
(see HLMP-3201) 
1-36 
5082-4150 
(see HLMP-6400) 
1-54 
5082-4850 
(see HLMP-3000) 
1-32 


5082-4160 
(see HLMP-6300) 
1-54 
5082-4855 (see HLMP-3001) 
1-32 
5082-4190 
(see HLMP-6500) 
1-54 
5082-4987 
........................ 
1-64 
5082-4203 
....................... 
. 
6-67 
5082-7010 
........................ 
3-158 
5082-4204 
........................ 
6-67 
5082-7011 
........................ 
3-158 
5082-4205 
....................... 
. 
6-67 
5082-7100 
........................ 
3-48 


5082-4207 
........................ 
6-67 
5082-7101 
. ....................... 
3-48 
5082-4220 
........................ 
6-67 
5082-7102 
........................ 
3-48 
5082-4468 (see HLM P-1120) 
1-21 
5082-7285 
........................ 
3-169 
5082-4480 (see HLM P-1000) 
1-49 
5082-7295 
........................ 
3-169 
5082-4483 
(see HLMP-1080) 
1-49 
5082-7300 
........................ 
3-127 


5082-7302 
5082-7304 
5082-7340 
5082-7356 
5082-7357 


5082-7358 
. 


5082-7359 
. 
5082-7391 
. 


5082-7391TXV 
. 


5082-7391TXVB 
. 


5082-7392 
. 
5082-7392TXV 
. 
5082-7392TXVB 
. 
5082-7393 
. 
5082-7393TXV 
. 


5082-7393TXVB 
. 


5082-7395 
. 
5082-7395TXV 
. 
5082-7395TXVB 
. 
5082-7404 
. 


5082-7405 
5082-7414 
5082-7415 
5082-7432 
5082-7433 


5082-7441 
5082-7446 
5082-7610 
5082-7611 
5082-7613 


5082-7616 
5082-7620 
5082-7621 
5082-7623 
5082-7626 


3-127 
3-127 
3-127 
3-131 
3-131 


3-131 
3-131 
3-136 
3-136 
3-136 


3-136 
3-136 
3-136 
3-136 
3-136 


3-136 
3-136 
3-136 
3-136 
3-164 


3-164 
3-164 
3-164 
3-164 
3-164 


3-169 
3-169 
3-97 
3-97 
3-97 


3-97 
3-97 
3-97 
3-97 
3-97 


5082-7650 
5082-7651 
5082-7653 


5082-7656 
5082-7660 


5082-7661 
5082-7663 
5082-7666 
5082-7730 
5082-7731 


5082-7736 
5082-7740 
5082-7750 
5082-7751 
5082-7756 


5082-7760 
. 


6N134 
. 


6N134TXV 
. 


6N134TXVB 
. 


6N135 
. 


6N136 
. 


6N137 
. 


6N138 
. 


6N139 
. 


6N140 
. 


6N140/883B 
. 


6N140TXV 
. 


6N140TXVB 
. 


8102810EC 
. 


Special 
Device Options 


LED Lamp Tape and Reel 
. 


Plastic Optocoupler 
Burn-in 
. 


3-97 
3-97 
3-97 
3-97 
3-97 


3-97 
3-97 
3-97 
3-93 
3-93 


3-93 
3-93 
3-93 
3-93 
3~93 


3-93 
5-92 
5-92 
5-92 
5-6 
5-6 


5-36 
5-58 
5-58 
5-99 
5-99 


5-99 
5-99 
5-95 


Hewlett-Packard Quality 


When quality 
represents a 
competitive 
edge, or when the 
reputation 
and dependability 
of your products 
is on the line, 


you can depend 
on Hewlett- 
Packard Optoelectronic 
components. 
Reliability 
considerations 
and rigorous 
testing are an integral 
part of 
new product 
design and 
introduction 
at Hewlett- 
Packard. Once a product 
is in 
production, 
on-going 
product 
assurance monitors are 
aggressively applied 
to assure 


that you receive optimum 
value for your purchasing 
dollar. 


In recent years, -the term "parts 
per million" 
(PPM) has come 


to be considered 
an 
appropriate 
measure of on- 
going 
product 
quality with 
discriminating 
component 
users. Hewlett-Packard 
is 
pleased to acknowledge 
and 
encourage 
this trend. We are 


especially 
hopeful that we can 
make a contribution 
to your 
product 
by making 
visible the 
current product 
assurance 
level of Hewlett-Packard 
optoelectronic 
components 
in 
these same "parts per million" 
terms. Since the pursuit of 
improved 
quality 
is a 


continuous 
process, the 
standards are tightened 
periodically. 
Please consult 


your local Hewlett-Packard 
components 
field engineer for 
a listing of the current 


standards or write to Hewlett- 
Packard Optoelectronics 
Division at 640 Page Mill Road, 
Palo Alto, California 
94304, 


Attention: 
Product Marketing 
and request such data. 
Hewlett-Packard 
believes this 
level of performance 
leads our 


industry, and we are 
committed 
to even further 
progress in the quality of our 
products. 


Look to Hewlett-Packard 
in the 
optoelectronics 
industry for 
quality, performance 
and 
innovation 
leadership. 


A Brief Sketch 


Hewlett-Packard 
is one of the 


world's leading 
designers and 


manufacturers 
of electronic, 
medical, 
analytical 
and 


computing 
instruments and 


systems, diodes, transistors, and 
optoelectronic 
products, 
Since 


its founding 
in Palo Alto, 
California, 
in 1939, HP has 


done its best to offer only 
products 
that represent 


significant 
technological 


advancements, 


To maintain 
its leadership 
in 


instrument 
and component 


technology, 
Hewlett-Packard 


invests heavily in new product 
development, 
Research and 
development 
expenditures 
traditionally 
average 
about 
10 
percent 
of sales revenue, and 


over 1,500 engineers 
and 
scientists are assigned the 
responsibilities of carrying 
out 
the company's 
various Rand 
D 
projects, 


Forthe customer, 
Hewlett- 
Packard is no further away 
than the nearest telephone, 
Hewlett-Packard 
currently 
has 
sales and service offices 
located 
around 
the world. 


These field offices are staffed 
by trained 
engineers, each of 


whom 
has the primary 


responsibility of providing 
technical 
msistance 
and data 


to customers, A vast 
communications 
network has 


been established 
to link each 


field office with the factories 
and with corporate 
offices, No 


matter what the product 
or the 


request, a customer 
can be 


accommodated 
by a single 


contact 
with the company, 


Where Reputation 
and Quality 


Count 


When quality 
represents a 


competitive 
edge, or when the 


reputation 
and dependability 


of your products 
is on the line, 


you can count 
on Hewlett- 


Packard Optoelectronic 
components 
for excellent 


product 
consistency, 


The optoelectronic 
products 


available 
include 
a complete 


line of GaAsP and GaP 
discrete light emitting 
diodes 
(LED's), light bars, bar graph 
arrays, numeric, 
hexadecimal, 


and alphanumeric 
displays, 


optocouplers, 
fiber optics, 


optical 
shaft encoders 
and bar 


code 
products, 
There is 


complete 
technical 
data 


included 
in this designer's 


catalog 
for each of the 


Hewlett-Packard 
Optoelectronics 
products, 


About thisCatalog 


This Optoelectronics 
Designer's 
Catalog 
contains 
detailed. 
up-to-date 
specifications 
on 
our complete 
optoelectronic 
product 
line, It is divided 
!nto 
eight 
major 
product 
sections: 
Solid State Lamps. Light Bars 
and 
Bar Graphs. 
Solid State 
Displays. Shaft Encoders. 
Optocouplers. 
Fiber Optics. 
Bar 
Code 
Products. 
and 
High 
Reliability, 
A special 
section 
which 
includes 
all of the 
application 
notes in either full 
or abstract 
form follows the 
High Reliability 
product 
section, 


How to Use this Catalog 


Three methods 
are 
incorporated 
for locating 
components: 
• 
a Table of Contents 
with 
tabs that 
allow 
you to 
locate 
components 
by their 
general 
description 
• 
a Numeric 
Index that 
lists all 
components 
by part 
number 
and. 
• 
a Selection 
Guide 
for each 
product 
group 
giving 
a brief 
overview 
of the product 
line, 


How to Order 


All Hewlett-Packard 
components 
may be ordered 
through 
any of the Sales and 
service 
Offices 
listed on pages 
10-5 through 
10-12, In addition. 


for immediate 
delivery 
of 
Hewlett -Packard 
optoelectronic 
components. 
contact 
any of the worldwide 


stocking 
distributors 
and 


representatives 
listed on pages 
10-2 through 
10-4, 


Warranty 


HP's Components 
are 
warranted 
against 
defects 
in 
material 
and workmanship 
for 
a period 
of one year from the 
date 
of shipment 
(in the case 
of designated 
Fiber Optics 
and 
Bar Code 
products 
90 days 
from the date 
of shipment), 
HP 
will repair or. at its option. 
replace 
components 
that 
prove to be defective 
in 
material 
or workmanship 
under 
proper 
use during 
the warranty 
period. 
This warranty 
extends 
only to HP customers, 


NO OTHERWARRANTIESARE 
EXPRESSEDOR IMPLIED, HP 
SPECIFICALLYDISCLAIMS THE 
IMPLIED WARRANTIESOF 
MERCHANTABILITY.AND FITNESS 
FOR A PARTICULAR PURPOSE, 


THEREMEDIESPROVIDED 
HEREINARE BUYER'SSOLE AND 
EXCLUSIVEREMEDIES,HP SHALL 
NOT BELIABLEFOR ANY DIRECT. 
INDIRECT, SPECIAL. INCIDENTAL 
OR CONSEQUENTIAL DAMAGES. 
WHETHERBASED ON 
CONTRACT, TORTOR ANY 
OTHER LEGAL THEORY. 


The foregoing 
limitation 
of 
liability 
shall not apply 
in the 
event 
that 
any HP product 
sold 
hereunder 
is determined 
by a 
court 
of competent 
jurisdiction 
to be defective 
and to have 
directly 
caused 
bodily 
injury. 


death 
or property 
damage; 


provided. 
that 
in no event 
shall 
HP's liability 
for property 
damage 
exceed 
the greater 
of $50.000 or the purchase 
price 
of the specific 
product 
that 
caused 
such damage, 


1.Solid State Lamps 


• 
Low Current Lamp 
• 
High Efficiency Red, 
Yellow, and Green Lamps 


• 
Right Angle Indicators 
• T-13/4 and T-1Lamps 
• 
Rectangular 
Subminiature Lamps 


• 
Integrated ResistorLamps 
• 
Hermetically Sealed 
Lamps 


• 
Panel Mounting Kit 


• 
Emitters 


Flidl 
HEWLETT 
~~ 
PACKARO 


Solid State Lamps 


New product 
introductions 
characterize 
Hewlett-Packard's 
broad line of LEDlamp products, 
New product 
developments 


have centered 
on contributing 
added-value 
to our customer 


applications, 
Examples include 
a family of low current, low 
power lamps specified 
at 2 mA 


DC for interface 
with CMOS 
circuits and portable 
equipment, 
Hewlett-Packard 
is 


also pioneering 
the use of 


automatic 
insertion equipment 


by introducing 
in this catalog 


the self-contained 
capability 


to put most LEDsin the catalog 
on tape and reel. See the 
description 
sheet below for 


more details, 


Another example 
of easing the 


mechanical 
handling 
burden 
for our customers is HP'snew 
family of right angle 
status 
indicators, 
providing 
LEDlamps 
with pre-formed 
leads already 
inserted into a high contrast, 
flat seating plane 
molded 
plastic package, 
The popular 


family of HP integrated 
resistor 


lamps has also been 
expanded 
to include 
a full 
complement 
of package 
sizes 


in both 5 Vand 
12 V versions, 
Lamps are Available 
in Tape 
and Reel 
Features 


• 
AUTOMATICALLY 
INSERTABLE 
WITH RADIAL 
LEAD INSERTION 
EQUIPMENT 


• 
MEET DIMENSIONAL 
SPECIFICATIONS 
OF 
IEC PUBLICATION 
286 AND ANSI/EIA 
STANDARD 
RS-468 FOR TAPE AND REEL 


• 
REEL PACKAGING 
SIMPLIFIES 
HANDLING 
AND TESTING 


• 
MOST RADIAL LEAD PLASTIC 
LED LAMPS 
AVAILABLE 
PACKAGED 
IN TAPE AND 
REEL 


• 
5 mm (0.197 INCH) 
PREFORMED 
LEAD AND 
2.54 mm (0.100 INCH) 
STRAIGHT 
LEAD 
SPACING 
AVAILABLE 


Most standard 
catalog 
radial 
lead LED lamps are available 
packaged 
in the tape and reel configuration 
as specified 
by 
the 
IEC Publication 
286 and ANSI/EIA 
Standard 
RS-468, 
The Option 
001 lamp devices 
have preformed 
leads with 5 
mm (0,197 inch) 
spacing 
for 
automatic 
insertion 
into 
PC 
boards 
by radial 
lead insertion 
equipment. 
The Option 
002 


lamp devices 
have straight 
leads with 2,54 mm (0,100 inch) 


spacing, 
packaged 
taped and reeled for ease of handling, 


To order LED lamps packaged 
on tape and reel, include 
the 


appropriate 
Option 
code along with the device catalog 
part 
number. 
Example: 
To order 
the 
HLMP-3300 
on tape and 


..,.. 


tt t, 
"'.'. 


reel with 
preformed 
leads 
15 mm 
lead spacing) 
order 
as 
follows: 
HLMP-3300 
Option 
001. Minimum 
order quantities 
and quantities 
per reel vary by part number, 
Please contact 
your 
local 
Hewlett-Packard 
sales 
office 
or franchised 


Hewlett-Packard 
distributor 
for 
a complete 
list 
of 
lamps 


available taped and reeled and mechanical 
specifications, 


LED lamps with 0.46 mm (o.Q18 inch) square 
leads with 5 
mm 10,197 inch) lead spacing are recommended 
for use with 
automatic 
insertion 
equipment. 
It 
is suggested 
that 
insertion 
machine compatibility 
be confirmed, 


Tape and Reel, 5 mm 10,197 inch) Preformed 
Leads 


Tape and Reel, 2,54 mm 10,100 inch) Straight 
Leads 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 


Package Outline Drawing 
Part No. 
Colorl2j 
Package 
Lens 
Intensity 
20112[1) 
Voltage 
Page No. 


W 


HLMP-4700 
High 
T-13/4 
Tinted 
2.0 mcd @ 
50° 
1.8 V 
1-11 


Efficiency 
Oiffused 
2 mA 
@20mA 


Red 


HLMP-4719 
Yellow 
1.8 mcd @ 
1.9 V 


~ ~ 


2 mA 
@2mA 


,.-- "\ 
0 
01 


\ 
I 
~-~ 
R 


HLMP-1700 
High 
T-1 
Tinted 
1.8 mcd @ 
50° 
1.8 V 


Efficiency 
Diffused 
2 mA 
@2mA 


Red 


~ ~ 
HLMP-1719 
Yellow 
1.6 mcd @ 
1.9 V 
e 


2 mA 
@2mA 


'--" 


HLMP-7000 
High 
Subminiature 
Tinted 
0.8 mcd @ 
70° 
1.8 V 


Efficiency 
Diffused 
2 mA 
@2mA 
==[Fo 
Red 


=8-@ 


HLMP-7019 
Yellow 
0.6 mcd @ 
1.9 V 


2 mA 
@2mA 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 


Package Outline Drawing 
Part No. 
Color[2) 
Package 
Lens 
Intensity 
20112[1) 
Voltage 
No. 


r-'\ 
HLMP-3750 
High 
T-13/4 
Untinted 
125 mcd 
24° 
2.2 V@ 
1-15 


Efficiency 
Non-Diffused 
@20mA 
20 mA 


Red 
-;:r-- 


II 
HLMP-3850 
Yellow 
Untinted 
140 mcd 


Non-Diffused 
@20mA 


~ ~e 


HLMP-3950 
Green 
Untinted 
120 mcd 
2.3V@ 
IIll IIllI 
Non-Diffused 
@20mA 
20 mA 
" 
/ 
_/ 


I· 
- - 


II~~~ 
O •..:_L....L I ----- 
,- - ,- 
" 


HLMP-3390 
High 
T-13/4 
Untinted 
55 mcd 
32° 
22 
V@ 
1-15 


Efficiency 
Low 
Non-Diffused 
@20mA 
20 mA 


Red 
Profile 


HLMP-3490 
Yellow 
Untinted 


~ ~ 


Non-Diffused 
e 
HLMP-3590 
Green 
Untinted 
23 
V@ 
~_/. 


Non-Diffused 
20 mA 


r"\ 
HLMP-1340 
High 
T-1 
Untinted 
35 mcd 
45° 
22 
V@ 


-- 
Efficiency 
Non-Diffused 
@20mA 
20 mA 


';J1 
Red 


HLMP-1440 
Yellow 
Untinted 


Non-Diffused 


8} 
HLMP-1540 
Green 
Untinted 
2.3 V@ 


'--" 
Non-Diffused 
20 mA 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 


Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
2011211J 
Voltage 
No. 


HLMP-5000 
Red (640 nm) T-1 3/4 
Right 
Red Diffused 
4.0 mcd 
75° 
1.6 V 
1-19 


~ 
c=J:? 


Angle 
Indicator 
@20mA 
@20mA 


HLMP-5030 
High 
6.0 mcd 
65° 
2.2 V 
Efficiency 
@10mA 
@10mA 


Red (626 nm) 


HLMP-5040 
Yellow 
Yellow 
Diffused 
6.0 mcd 
75° 


(585 nm) 
@10mA 


HLMP-5050 
Green 
Green Diffused 
6.0 mcd 
12 mA 


(569 nm) 
@20mA 
@5V 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 
PackageOutline Drawing 
Part No. 
COlorl2J 
Package 
Lens 
Intensity 
2011211J 
Current 
No. 


HLMP-5012 
Red (640 nm) 
T-1 3/4 Right 
Red Diffused 
2 mcd 
75° 
13 mA 
1-19 


~ 
~ 


Angle 
@12V 
@12V 


HLMP-5005 
Indicator 
2 mcd 
13mA 


@5V 
@5V 


HLMP-5060 
High 
4 mcd 
65° 
10 mA 


Efficiency 
@5V 
@5V 


Red (626 nm) 


HLMP-5070 
Yellow 
Yellow Diffused 
75° 


(585 nm) 


HLMP-5050 
Green 
Green Diffused 
12 mA 


(569 nm) 
@5V • 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 


PackageOutline Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
20112111 
Current 
No. 


b) 


HLMP-1100 
Red (640 nm) T-1[4J 
Tinted Diffused 
1.5 mcd 
60° 
13mA 
1-21 


@5V 
@V 


HLMP-1120 
Untinted Diffused 
70° 
n 
HLMP-1600 
High 
Tinted 
4 mcd 
60° 
10mA 
1-21 


Efficiency 
Diffused 
@5V 
@5V 


HLMP-1601 
Red (606 nm) 
4 mcd 
13 mA 


@12V 
@12V 


HLMP-1620 
Yellow 
4 mcd 
13 mA 


(585 nm) 
@5V 
@5mA 


HLMP-1621 
4 mcd 
10 mA 


@12V 
@12V 


HLMP-1640 
Green 
4 mcd 
12 mA 
e 


(569 nm) 
@5V 
@5V 


"--" 
HLMP-1641 
4 mcd 
13mA 


@12V 
@12V 
,,--., 
HLMP-3105 
Red (640 nm) T-13/4[3] 
4 mcd 
75° 
10 mA 


@5V 
@5mA 


HLMP-3112 
4 mcd 
13mA 


@12V 
@12V 


Iffi 


HLMP-3600 
High 
4 mcd 
65° 
10 mA 


Efficiency 
@5V 
@5V 


HLMP-3601 
Red (640 nm) 
4 mcd 
13 mA 


@12V 
@12V 


~ ~ 


HLMP-3650 
Yellow 
4 mcd 
75° 
10 mA 


(585 nm) 
@5V 
@5mA 


HLMP-3651 
4 mcd 
13mA 
@12V 
@12V 
8 


HLMP-3680 
Green 
4 mcd 
12mA 


(l]J 
(l]J1 
(569 nm) 
@5V 
@5V 
" 
/ 
HLMP-3681 
4 mcd 
13mA 
_/ 
@12V 
@12V 


~ 


HLMP-6600 
High 
Subminiature 
Red Diffused 
2.4 mcd 
90° 
9.6 mA 
1-25 


Efficiency 
Radial Leads 
@5V 
@5V 
=8- 
@ 


HLMP-6620 
Red (626 nm) 
06 mcd 
3.5 mA 


@5V 
@5V 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 


PackageOutline Drawing 
Part No. 
Color 
Package 
Lens 
Intensity 
20112111 
Current 
No. 
CIb=e 


HLMP-1142 
Red (640 nm) 
T-114J 
Red Diffused 
0.7 mcd 
60° 
13mA 
1-27 


I 
c::::::::::J 
: __: 
@2.75 V 
@2.75V 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
PackageDutline Drawing 
Part No. 
Colorl2] 
Package 
Lens 
Intensity 
2e 112[IJ 
Voltage 
PageNo. 
HLMP-3300 
High 
T-13/4[3J 
Red 
3.5 mcd 
65° 
2.2 V 
1-32 


Efficiency 
Diffused 
@10mA 
@10mA 


HLMP-3301 
Red 
7.0 mcd 


(626 nm) 
@10mA 
HLMP-4600 
10.0 mcd 
32° 
1-29 
r-... 
@20mA 
HLMP-4601 
20.0 mcd 
@20mA 
HLMP-3315 
Red 
18.0 mcd 
35° 
1-32 


Non-Diffused 
@10mA 
-;:::- 
HLMP-3316 
30.0 mcd 
@10mA 
HLMP-3400 
Yellow 
Yellow 
40 mcd 
75° 


(585 nm) 
Diffused 
@10mA 
HLMP-3401 
8.0 mcd 
@10mA 
HLMP-3401 
8.0 mcd 
@10mA 
HLMP-3415 
Yellow 
18.0 mcd 
35° 


Non-Diffused 
@10mA 


•...-" 
HLMP-3416 
30.0 mcd 
\ 
@10mA 
0 
01 
\ 
I 
HLMP-3502 
Green 
Green 
60 mcd 
75° 
2.3 V 
~-•... 


(569 nm) 
Diffused 
@20mA 
@20mA 


HLMP-3507 
12.0 mcd 
@20mA 
HLMP-3517 
Green 
25.0 mcd 
24° 


Non-Diffused 
@20mA 
HLMP-3519 
50.0 mcd 
@20mA 
( [g~ 


HLMP-4610 
High 
Heavy 
Red 
10.0 mcd 
32° 
2.2 V 
1-29 


[1) 
Efficiency 
Leadframe 
Diffused 
@20mA 
@10mA 
Red 
-m 


(626 nm) 


\.Jj) 


HLMP-3350 
High 
T-13/4 
Red 
3.5 mcd 
50° 
2.2 V 
1-36 


Efficiency 
Low Profile 
Diffused 
@10mA 
@10mA 


HLMP-3351 
Red 
7.0 mcd 
Q 


(626 nm) 
@10mA 
HLMP-3365 
Red 
10.0 mcd 
45° 


Non-Diffused 
@10mA 
HLMP-3366 
18.0 mcd 
@10mA 
HLMP-3450 
Yellow 
Yellow 
4.0 mcd 
50° 


(585 nm) 
Diffused 
@10mA 
HLMP-3451 
10.0 mcd 


~ ~ 


@10mA 
HLMP-3465 
Yellow 
12.0 mcd 
45° 


Non-Diffused 
@10mA 
HLMP-3466 
180 mcd 
@10mA 
8 


HLMP-3553 
Green 
Green 
8.0 mcd 
50° 
2.4 V 


.0 0) 
(572 nm) 
Diffused 
@20mA 
@20mA 
HLMP-3554 
15.0 mcd 
:-._--" 
@20mA 
HLMP-3567 
Green 
15.0 mcd 
40° 


Non-Diffused 
@20mA 
HLMP-3568 
35.0 mcd 
@20mA 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 
Package Dutline Drawing 
Part No. 
Color[2j 
Package 
Lens 
Intensity 
281/211) 
Voltage 
No. 


HLMP-1300 
High 
T-l[4] 
Red 
2.0 mcd 
60° 
2.2 V 
1-44 


Efficiency 
Diffused 
@10mA 
@10mA 


HLMP-1301 
Red 
2.5 mcd 


(626 nm) 
@10mA 


/"'""'\ 
HLMP-1302 
4.0 mcd 
@10mA 
'-~~ 
HLMP-1320 
Untinted 
12 mcd 
45° 
n 
Non-Diffused 
@10mA 


HLMP-1321 
Red 
Non-Diffused 


HLMP-1400 
Yellow 
Yellow 
2.0 mcd 
60° 
(585 nm) 
Diffused 
@10mA 
HLMP-1401 
3.0 mcd 
@10mA 
HLMP-1402 
4.0 mcd 
@10mA 


HLMP-1420 
Untinted 
12 mcd 
45° 


Non-Diffused 
@10mA 


HLMP-1421 
Yellow 
Non-Diffused 
e 


HLMP-1503 
Green 
Green 
5.0 mcd 
60° 
2.3 V 


.... ~-" 
(569 nm) 
Diffused 
@20mA 
@20mA 


HLMP-1523 
10.0 mcd 
@20mA 


HLMP-1520 
Untinted 
12 mcd 
45° 


Non-Diffused 
@20mA 


HLMP-1521 
Yellow 
Non-Diffused 
HLMP-1350 
High 
T-l 
Red 
20 mcd 
54° 
2.2 V 
1-48 


5l 
Efficiency 
Low Profile[4) 
Diffused 
@10mA 
@10mA 


Red 
(626 nm) 


HLMP-1450 
Yellow 
Yellow 


(585 nm) 
Diffused 


HLMP-1550 
Green 
Green 
2.0 mcd 
2.3 V 


(569 nm) 
Diffused 
@20mA 
@20mA 


e 
'., 


C=:J 


HLMP-0300 
High 
Rectangular 
Red 
2.5 mcd 
100° 
2.5 V 
1-51 


Efficiency 
Diffused 
@20mA 
@20mA 


~ 


HLMP-0301 
Red 
5.0 mcd 


(626 nm) 
@20mA 


HLMP-0400 
Yellow 
Yellow 
2.5 mcd 
(585 nm) 
Diffused 
@20mA 


HLMP-0401 
5.0 mcd 
@20mA 


HLMP-0503 
Green 
Green 
2.5 mcd 
2.3 V 


~ ~ 


(569 nm) 
Diffused 
@20mA 
@20mA 
HLMP-0504 
5.0 mcd 
@20mA 
HLMP-6300 
High 
Subminiature 
Red 
3.0 mcd 
80° 
2.2 V 
1-54 


Efficiency 
Diffused 
@10mA 
@10mA 
=CP 
Red 
(626 nm) 
~@ 
HLMP-6400 
Yellow 
Yellow 
90° 


(585 nm) 
Diffused 


HLMP-6500 
Green 
Green 
70° 
2.3 V 
(569 nm) 
Diffused 
@10mA 


I· 
- - 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 


PackageOutline Drawing 
Part No. 
Colorl2] 
Package 
. 
Lens 
Intensity 
201/211] 
Voltage 
No. 


HLMP-6653 
High 
Sub- 
3 
Red 
3.0 mcd 
800 
2.2 V 
1-58 


HLMP-6654 
Efficiency 
miniature 
4 
Diffused 
@10mA 
@10mA 


HLMP-6655 
Red 
Array 
5 


HLMP-6656 
(626 nm) 
6 


~ 


HLMP-6658 
8 


HLMP-6753 
Yellow 
Sub- 
3 
Yellow 
900 


HLMP-6754 
(585 nm) 
miniature 
4 
Diffused 


HLMP-6755 
Array 
5 


HLMP-6756 
6 


eg@-B- 


HLMP-6758 
8 


HLMP-6853 
Green 
Sub- 
3 
Green 
700 
2.3 V 


HLMP-6854 
(569 nm) 
miniature 
4 
Diffused 
@10mA 


HLMP-6855 
Array 
5 


HLMP-6856 
6 


HLMP-6858 
8 


Red LED Lamps 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 


PackageOutline Drawing 
Part No. 
Color[2] 
Package 
Lens 
Intensity 
20 1/211] 
Voltage 
No. 


HLMP-3000 
Red 
T-13/4[3J 
Red 
2.0 mcd 
750 
1.6 V 
1-42 
(J;~ 


(640 nm) 
Diffused 
@20mA 
@20mA 
HLMP-3001 
4.0 mcd 
@20mA 


HLMP-3002 
Thin 
3.0 mcd 
Leadframe 
@20mA 


HLMP-3050 
Thin 
Red 
2.5 mcd 
240 


Leadframe 
Tinted 
@20mA 
Non-Diffused 


HLMP-3200 
T-13/4 
Red 
2.0 mcd 
600 
1-36 


Low Profile 
Diffused 
@20mA 


HLMP-3201 
4.0 mcd 
@20mA 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Page 
PackageDutline Drawing 
Part No. 
Colorl2) 
Package 
Lens 
Intensity 
28 1/211) 
Voltage 
No. 


H 


HLMP-1000 
Red 
T-1(4) 
Red 
1.0 mcd 
125· 
1.6 V 
1-49 
8 
(640 nm) 
Diffused 
@10mA 
@20mA 


'~-' 


HLMP-1002 
2.5 mcd 
@20mA 


HLMP-1080 
Untinted 
1.5 mcd 


~ ~ 


Diffused 
@20mA 


HLMP-1071 
Untinted 
2.0 mcd 
80· 


Non-Diffused 
@20mA 


HLMP-1200 
T-1 
Untinted 
1.0 mcd 
120· 


C]b~<D 


Low Profile[4] 
Non-Diffused 
@20mA 


HLMP-1201 
2.5 mcd 
@20mA 


HLMP-6000 
Subminiature 
Red 
1.0 mcd 
45· 
1.6 V 
1-54 


~ 


Diffused 
@10mA 
@10mA 


~@ 
HLMP-6001 
1.5 mcd 
@10mA 


I-- 


~ 


~ 
Red 
1.2 mcd 
1-58 


HLMP-6203 
Sub- 
3 Diffused 
@10mA 
HLMP-6204 
Miniature 
4 


a 
a 
0 
HLMP-6205 
5 
HLMP-6206 
6 
~-B- 
HLMP-6208 
8 
- - - 


PackageOutline Drawing 
Part No. 
Description 
PageNo. 


~ 


HLMP-0103 
Mounting Clip and Ring for T-13/4 
Lamps 
1-62 


~ 


HLMP-5029 
Right Angle Housing for T-1 3/4 Lamps 
1-63 
[OJ lli 


• 


" 
- - 


Hermetically 
Sealed and High Reliability LED Lamps 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 
Page 


PackageDutline Drawing 
Part No. 
Colorl21 
Package 
Lens 
Intensity 
20 1/211] 
Voltage 
No. 


lN5765 
Red 
Hermeticl 
Red 
0.5 mcd 
70' 
1.6 V 
1-64 


T 


(640 nm) 
TO-46[3] 
Oiffused 
@20mA 
@ 20 mA 


JAN1N5765[4] 


JANTXl N5765[4] 


lN6092 
High 
1.0 mcd 
2.0 V 


Efficiency 
@20mA 
@ 20 mA 


JANl N6092[4] 
Red 
(626 nm) 


JANTX1N6092[4j 


lN6093 
Yellow 
Yellow 


(585 nm) 
Oiffused 


JAN1N6093[4] 


JANTX1N6093[4j 


lN6094 
Green 
Green 
0.8 mcd 
2.1 V 
(572 nm) 
Diffused 
@25mA 
@ 20 mA 


JAN1N6094[4] 


JANTX1N6094[4] 


HLMP-0930 
Red 
Panel Mount 
Red 
0.5 mcd 
1.6 V 


(640 nm) 
Version 
Diffused 
@20mA 
@ 20 mA 


HLMP-0931 


M19500/519-01[4] 
High 
1.0 mcd 
2.0 V 


Efficiency 
@20mA 
@ 20 mA 


M19500/519-02[4] 
Red 
(626 nm) 


M19500/520-01 [4] Yellow 
Yellow 
(585 nm) 
Diffused 


M19500/520-02[4] 
0 


M19500/521-01[4] 
Green 
Green 
0.8 mcd 
2.1 V 


(572 nm) 
Diffused 
@25mA 
@ 20 mA 


M19500/521-02[4] 


Emitter Components 


Page 


PackageDutline Drawing 
Part No. 
Description 
Features 
No. 


~~ 


HEMT-3300 
670 nm High 
. Visible (near IR) emission facilitates 
alignment 
1-70 


Radiant Intensity 
. Compatible with most silicon phototransistors 
and 


Emitter 
photodiodes 
~@ 


HEMT-6000 
700 nm High 
1-72 


Intensity Subminiature 
Emitter 


NOTES: 
1. 01/2 is the off-axis 
angle at which the luminous 
intensity 
is 
half the axial luminous 
intensity. 


2. Peak Wavelength. 


3. 
PC Board Mountable. 
4. 
Miiitary 
approval 
and qualified 
for High Reliability 
Applications. 


(-01 suffix is JAN level, -02 suffix is JANTX level). 


T-1 3/4 (5mm) 
T-1 (3mm) 
SUBMINIATURE 
• 


LOW CURRENT LED LAMP SERIES 
FliU- HEWLETT 
~e.II PACKARD 


Features 


• 
LOW POWER 


• 
HIGH 
EFFICIENCY 


• 
CMOS/MOS 
COMPATIBLE 


• 
TTL COMPATIBLE 


• 
WIDE VIEWING 
ANGLE 


• 
CHOICE 
OF PACKAGE 
STYLES 


• 
CHOICE 
OF COLORS 


Applications 


• 
LOW POWER 
DC CIRCUITS 


• 
TELECOMMUNICATIONS 
INDICATORS 


• 
PORTABLE 
EQUIPMENT 


• 
KEYBOARD 
INDICATORS 


These tinted 
diffused 
LED lamps were designed 
and optim- 


ized specifically 
for low 
DC current 
operation. 
Luminous 
intensity 
and forward 
voltage 
are tested 
at 2 mA to assure 
consistent 
brightness 
at TTL output 
current 
levels. 


HlMP-4700, -4719 
HlMP-1700, -1719 
HlMP- 7000, -7019 


The 
semiconductor 
material 
is Gallium 
Arsenide 
Phos- 


phide on Gallium 
Phosphide. 
The HLMP-4700, 
-1700, -7000 


are 
red 
LED's. 
The 
HLMP-4719, 
-1719, 
-7019 
are yellow 


LED's. 


t-- B!{.l2SJ 
t 
2.8Hl051 
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fi2fTI51 
r 
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I 
0.8'1(.0351 
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"'" 
I 
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/ 
- 
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CATHODE ---i 
l--- 
1.101 
""'~ 


lVI'''''''jL 
• 
~l-1101 


2.29 (,090) 


0.45 (IHil NOMII'tAel- 


,'- '---*- 
'-,'f 


0,4$ 
[.0181 
NOMINAL 


r 


".4l-45'MIN 
..-J 


BOTH 
SIDES I 
~!:.illJ 
,56 (.022) 


...Lc:=J 
T 


NOTES, 
1. All 
QIME-NSIONS 
ARE 
IN MllLiMETRES 
(INCHES), 


2. AN 
EPOXY 
MINISCU$ 
MAY 
EXTEND 
ABOUT 
, mm (0.040") 
DOWN 
THE 
LEADS. 


"VIAl 
•• 
, 
••• 
ti\ ru.o: 
~""TIl:"~'''''''# 
••.••. 
~•.••• 
_,•..,.uu •.·_ . 1._. _..&;;- 
-. 
••• ", 
- 
~.v 
50· -- 
A 
-4719 
Tinted Diffused 
Yellow 
1.2 
1.8 


-1700 
T-l Tinted/ 
Red 
1.0 
1.8 
50· 
B 


-1719 
Diffused 
Yellow 
1.0 
1.6 


-7000 
Subminiature 
Red 
0.4 
0.8 
70· 
C 
-7019 
Tinted Diffused 
Yellow 
0.4 
0.6 


Notes: 
1. 01/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 


Parameter 
Maximum Rating 
Units 


Power Dissipation 
Red 
27 
mW 


(Derate linearly from 92° Cat 1.0 mAl" C 
Yellow 
24 


DC and Peak Forward Current 
7 
mA 


Transient Forward Current (10 msec pulse) 
500 
mA 


Operating and Storage Temperature Range 
-55°C to 100°C 


Lead Soldering Temperature (1.6 mm [0.063 inj from body) 
260·C for 5 Seconds (T-l, T-l 3/4) 
260· C for 3 seconds (Subminiature) 


Test 
Symbol 
Description 
T·13/4 
T·l 
Subminiature 
Min. 
Typ. 
Max. 
Units 
Condition 


VF 
Forward Voltage 
4700 
1700 
7000 
1.8 
2.2 
V 
2mA 
4719 
1719 
7019 
1.9 
2.7 


BVR 
Reverse Breakdown 
4700 
1700 
7000 
5.0 
30 
V 
IR= 50 itA 
4719 
1719 
7019 
5.0 
40 


!I.p 
Peak Wavelength 
4700 
1700 
7000 
635 
nm 
Measurement 
4719 
1719 
7019 
583 
at peak 


!I.D 
Dominant Wavelength 
4700 
1700 
7000 
629 
nm 
Note 2 
4719 
1719 
7019 
585 


Ts 
Speed of Response 
4700 
1700 
7000 
100 
ns 
4719 
1719 
7019 
200 


C 
Capacitance 
4700 
1700 
7000 
4 
pF 
VF=O 
4719 
1719 
7019 
4 
f= 
1 MHz 


ElJC 
Thermal Resistance 
4700 
1700 
7000 
190 
·C/W 
Junction to 
4719 
1719 
7019 
Cathode lead 
at 0.079 mm 
to.031 in) 
from body 


'1Y 
Luminous Efficacy 
4700 
1700 
7000 
147 
Lumens/ 
Note 3 
4719 
1719 
7019 
570 
Watt 


Notes: 
2. The dominant waYelength, AD, is derived from the CIE chromaticity 
diagram and represents the single waYelength which defines the 


color of the device. 


3. Radiant intensity, Ie,in watts/steradian, 
may be found from the equation Ie= Iv/'7v, where Iv is the luminous intensity in candelas and 'Iv 


is the luminous efficacy in lumens/watt. 


Figure 4. Relative Luminous Intensity vs. Angular DIsplacement 
for T-1 3/4 Lamp 


~_ 
8.0 
z" 
~ 
E 
ZN- •... 


~ 
<{ 6.0 
00 
ZW 
_N 
3~ 4.0 
we: 
>0 
;::z 
s- 
w 
2.0 
e: 


Figure 5. Relative Luminous Intensity vs. Angular Displacement 


forT-1 
Lamp 


I· 
- . 


Flidl 
HEWLETT 
~~ 
PACKARD 


ULTRA-BRIGHT LED LAMP SERIES 


T-1 3/4 HlMP-3750,-3850,-3950 
T-1 3/4 lOW PROFILEHlMP-3390,-3490,-3590 
T-1 HlMP-1340,-1440, -1540 I· 
- - 


• 
IMPROVED 
BRIGHTNESS 


• 
IMPROVED 
COLOR 
PERFORMANCE 


• 
AVAILABLE 
IN POPULAR 
T-1 and T-1 3/4 
PACKAGES 


• 
NEW STURDY 
LEADS 


• 
IC COMPATIBLE/LOW 
CURRENT 
CAPABILITY 


• 
RELIABLE 
AND RUGGED 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
High Efficiency 
Red 
High Brightness 
Yellow 
High Performance 
Green 


These clear, non-diffused lamps out perform conventional 
LED lamps. By utilizing new higher intensity material, we 
achieve superior product performance. 


The HLMP-3750/-3390/-1340 Series Lamps are Gallium 
Arsenide 
Phosphide 
on 
Gallium 
Phosphide 
red 
light 
emitting diodes. The HLMP-3850/-3490/-1440 Series are 
Gallium Arsenide Phosphide on Gallium Phosphide yellow 
light emitting diodes. The HLMP-3950/-3590/-1540 Series 
lamps are Gallium Phosphide green light emitting diodes. 


Applications 


• 
LIGHTED 
SWITCHES 


• 
BACKLIGHTING 
FRONT 
PANELS 


• 
LIGHT 
PIPE SOURCES 


• 
KEYBOARD 
INDICATORS 


Iv (mcd) 
Part Number 
Package 
@20mADC 
2(-) 1/2 
Package 
HLMP- 
Description 
Color 
Min. 
Typ. 
Note 1. 
Outline 


3750 
Red 
80 
125 
24° 
A 


3850 
T-1 3/4 
Yellow 
80 
140 
24° 
A 


3950 
Green 
80 
120 
24° 
A 


3390 
Red 
35 
55 
32° 
B 


3490 
T-1 3/4 Low Profile 
Yellow 
35 
55 
32° 
B 


3590 
Green 
35 
55 
32° 
B 


1340 
Red 
24 
35 
45° 
C 
1440 
T-1 
Yellow 
24 
35 
45° 
C 


1540 
Green 
24 
35 
45· 
C 


NOTE: 
1. 01/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 


1---t5.,01.200) 
TT~T 
4.781.188) 


1 
.89 1.0351 
9.191.362) 
8.43(.3321 


12.44 
(.490) 
.64 (,025l 
11.68 1.460) 
---l 


I 
-,1 
~ 
1.'51.0451 
I 
0.88 1.0351 
23.0 (.90) 
0.64 1.0251 
MIN. 
SQUARE 
TYP. 


1.2~6~~Ol I 


t 


10.90 
(.429) 
,.,,~ 


23.01.901 
"iL~~ 
-f-- 


6.35 
(.250) 
5.33 (.2101 
! 
[,.651.0651 


1.40(.055) 


1.151.0451 
0.881.0351 
0.64 1.025) 
NOMINAL 


SQUARE 
TYP. 


{t~~ 


nlnl 
6.1 1.2401 
wrj 
5.6 
(,220) 
"- - 
j 
CATHODE 


- 
2.54 
(.100) NOM. 
~ 


~~., ~.~ 
:~:: 


CATHODE 
"'-- 
~ 
__ 
2.54 
(.100) 
NOM. 


PACKAGE OUTLINE "A" 
HLMP-3750, 
3850, 3950 
PACKAGE OUTLINE "8" 
HLMP-3390, 
3490, 3590 


:3~;~~ 
\~~~II 


--1 
- ~:~:~~~: 
-,.#------.,- 


6.351.250)""\ 
I 
•.to (.1851 


t 
4.19 
(.165) 


5. 


58r:'"'-j L 
,.02\.0.01' 


I 
NOM. 


24.131.95) 
MIN. 


-,--1- 


I 
I 
I 
2.54(.100) 
---j 
l--- 
NOM. 


0':B 
45 
(.0181 
I 
NOMINAL 
-- 


~ 
----L 
'--'t 
CATHODE 
0.45 (.018) 
NOMINAL 


PACKAGE OUTLINE "C" 
HLMP-1340, 
1440, 1540 


NOTES: 
1. All dimensions 
are in millimeters 
Iinches). 


2. Silver plated leads. See Application 
Bulletin 3. 


3. An epoxy meniscus may extend about 1mm lOAD"} down the leads. 


Absolute Maximum Ratings at TA 


Parameter 
Red 
Yellow 
Green 
Units 


Peak Forward Current 
90 
60 
90 
mA 


Average Forward Currentl1 
25 
20 
25 
mA 


DC Currentl2, 
30 
20 
30 
mA 


Power Dissipationl31 
135 
85 
135 
mW 


Operating Temperature Range 
-40 to +100 


-55 to +100 
-55 to +100 
Co 
Storage Temperature 
Range 
-55 to +100 


Lead Soldering Temperature 
260° C for 5 seconds 
[1.6 mm (0.063 in.) from body] 


1. See Figure 2 to establish pulsed operating 
conditions. 
2. For Red and Green series derate linearly from 50°C at 0.5 mAIo C. For Yellow series derate linearly from 50° Cat 0.2 mAIo C. 
3. For Red and Green series derate power linearly from 25° C at 1.8 mW/o C. For Yellow series derate power linearly from 
50° C at 1.6 mW/o C. 


I· 
- . 
Electrical/optical Characteristics at TA = 25°C 


Dominant 
Wavelength 


n to Cathode 


Lead at 0.79 mm 
[0.031 in.i from 
Body 


3750 
3850 
3950 


3750 
3850 
3950 


3750 
3850 
3950 


Reverse Breakdown 
Voltage 


lumensl 
Note 2 


watt 


NOTES: 
1 The dominant wavelength. 
Ad. is derived from the CIE chromaticity 
diagram and represents the single wavelength which 


defines the color of the device. 


2. Radiant intensity. 
Ie. in watts/steradian. 
may be found from the equation 
Ie = Iv/ryv. where Iv is the luminous intensity in 
candelas and ryv is the luminous efficacy in lumens/watt. 
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Figure 2. Maximum Tolerable Peak Current vs. Pulse Duration. 
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Figure 4. Relative Luminous Intensity vs. Forward Current. 
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Figure 7. Relative Luminous Intensity vs. Angular Displacement. 


T-1 3/4 Low Profile Lamp. 
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LED RIGHT ANGLE 
INDICATORS T-1 3/4 (smm> 


RED 
HLMP'SOOO I HER 
HLMP'S030 I 
HER 5 V 
HLMp·S060 
RED 5 V 
HLMP'SOOS •••YellOW 
HLMP·S040· 
YELLOW5 V HLMP'S070 
RED 12 V HLMP'S012 
GREEN 
HLMP'SOSO 
GREEN5 V 
HLMp'S080 


Features 


• 
IDEAL 
FOR CARD 
EDGE 
STATUS 
INDICATION 


• 
PACKAGE 
DESIGN 
ALLOWS 
FLUSH 
SEATING 
ON A PC BOARD 


• 
MAY BE SIDE STACKED 
ON 6.35 mm (0.25") 
CENTERS 


• 
LEOs AVAILABLE 
IN FOUR 
COLORS, 
WITH 
OR 
WITHOUT 
INTEGRATED 
CURRENT 
LIMITING 
RESISTOR 
IN T-1 3/4 TINTED 
DIFFUSED 
PACKAGES 


The 
HLMP-5000 
series 
of 
Right 
Angle 
Indicators 
are 
industry 
standard 
status 
indicators 
that 
incorporate 
a 
tinted 
diffused 
T-1 3/4 LED lamp 
in a black 
plastic 
hous- 
ing. 
The 
indicators 
are available 
in standard 
Red, 
High 


Efficiency 
Red, Yellow, 
or High 
Performance 
Green 
with 
or without 
an integrated 
current 
limiting 
resistor. 
These 
products 
are designed 
to be used as back panel diagnos- 
tic indicators 
and card edge logic status indicators. 


622 W.05 


~(0:~45 :::6:2·)···1•• 
I 
,0.003 .• 
r0 


622<0·05 
r.':F 


DIMENSIONS 
IN l\4ILUMETRES 
ANO (INCHES), 


NOTE1, ~o~,~1·~;g:. 
FOR HLMP-5030J5040/S050. 


4.32 ~ 0.38 .j-- 
a.o2. 
0,26 
(0,170. 
0.015) I 
(0.355> 0.011 


RIGHT ANGLE INDICATORS WITHOUT INTEGRATED CURRENT LIMITING RESISTOR 


Minimum Reverse 
Luminous 
Forward 
Breakdown Voltage 
Part Number 
Color 
Intensity 
Voltage 
Test Condition 
at (YaR> 
(Iv) mcd 
(VF) 
for Iv and VF 
IR = 100 p.A 


~TYP' 
Typ. 
Max. 


HLMP-5000 
Red 
2.0 
4.0 
1.6 
2.0 
IF=20 mA 
30 


High 
HLMP-5030 
Efficiency 
3.0 
6.0 
2.2 
3.0 
IF= 10 mA 
5.0 
Red 


HLMP-5040 
Yellow 
3.0 
6.0 
2.2 
3.0 
IF = 10 mA 
5.0 


HLMP-5050 
Green 
3.0 
6.0 
2.3 
3.0 
IF=20 mA 
5.0 


RIGHT ANGLE INDICATORS WITH CURRENT LIMITING RESISTOR 


Minimum Reverse 
Luminous 
Forward 
Breakdown Voltage 
Part Number 
Color 
Intensity 
Current 
Test Condition 
at (VaR> 
(Iv) mcd 
(IF) mA 
for Iv and IF 
IR=100 
fJ.A 


Min. 
Typ. 
Typ. 
Max. 


HLMP-S012 
Red 
1.0 
2.0 
13 
20 
VF= 12 V 
3.0 


HLMP-5005 
Red 
1.0 
2.0 
13 
20 
VF= 
5V 
3.0 


High 
HLMP·S060 
EffiCiency 
1.5 
4.0 
10 
15 
VF= 
5V 
5.0 
Red 


HLMP-5070 
Yellow 
1.5 
4.0 
10 
15 
VF= 
5V 
5.0 


HLMP-5080 
Green 
1.5 
4.0 
12 
15 
VF= 
5V 
5.0 


Absolute Maximum Ratings and other 
Electrical/Optical Characteristics 


The absolute maximum ratings and typical device charac- 
teristics are identical to those of the T-l 
3/4 LED lamps 
listed here. For information 
about these characteristics, 
see the data sheets of the equivalent T-l 3/4 LED lamp. 


All Hewlett-Packard T-l 3/4 high-dome lamps, except fer- 
rules, are available in right angle housing. Contact your 
local Hewlett-Packard Sales Office or authorized compo- 
nents distributor for ordering information. 


RightAngle 
Equivalent T·1 3/4 
Indicator 
LED Lamp 


(Part Number) 
(Part Number) 


HLMP-5000 
HLMP-3001 


HLMP-5005 
HLMP-3105 


HLMP-5012 
HLMP·3112 


HLMp·5030 
HLMP-3300 


HLMP-5040 
HLMP-3400 


HLMp·5050 
HLMp·3502 


HLMP·5060 
HLMP-3600 


HLMp·5070 
HLMp·3650 


HLMP-5080 
HLMP-3680 


INTEGRATED RESISTOR.lAMPS 
5 Volt and 12 Volt Series 
in T"1 aOd T-13/4 
Packages I· 
- - 
Flin- HEWLETT 
~e. PACKARD 


• 
INTEGRAL 
CURRENT 
LIMITING 
RESISTOR 


• 
TTL 
COMPATIBLE 
Requires 
no External 
Current 
Limiter 
with 
5 Volt/12 
Volt Supply 


• 
COST 
EFFECTIVE 
Saves Space and Resistor 
Cost 


• 
WIDE 
VIEWING 
ANGLE 


• 
AVAILABLE 
IN ALL 
COLORS 
Red, High 
Efficiency 
Red, Yellow 
and 
High 
Performance 
Green 
in T-1 and 
T-1 3/4 Packages 


The 5 volt and 12 volt series lamps contain an integral cur- 
rent limiting resistor in series with the LED. This allows the 
lamp to be driven from a 5 volt/12 volt source without 
an 


external 
current 
limiter. 
The 
red LEOs are made from 


GaAsP on a GaAs substrate. The High Efficiency Red and 
Yellow devices use GaAsP on a GaP substrate. 


The green devices use GaP on a GaP substrate. The dif- 
fused lamps provide a wide off-axis viewing angle. 


The T-l 
3/4 lamps are provided with sturdy leads suitable 


for wire wrap applications. 
The T-l 
3/4 lamps may be front 


panel mounted by using the HLMP-Ol03 clip and ring. 


High 


Efficiency 


Red 


> 
High 
Pa'rformance 
Green 


PIN 
Operating 
Package 
HLMP· 
Voltage 
2(;) 1/2[1] 
Oulllne 


1100 
5 
60° 
A 


1120 
600 
A 


3105 
5 
750 
B 


3112 
12 
75° 
B 


1600 
5 
Tinted Diffused 
60? 
A 
1601 
12 
1.5 
4.0 
3600 
5 
T-1 3/4 Tinted Diffused 
65° 
B 
3601 
12 


1620 
5 
T-1 Tinted Diffused 
60° 
A 
1621 
12 
1.5 
4.0 
3650 
5 
T'-l 3/4 Tinted Diffused 
75° 
B 
3651 
12 


1640 
5 
T-l Tinted Diffused 
60~ 
A 
1641 
12 
1.5 
4.0 
3680 
5 
T-l 3/4 Tinted Diffused 
75° 
B 
3681 
12 


Notes: 
1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


DC Forwarc' Voltage iTA=' 25· Cl 


Operating Temperature Range 


Storage Temperature Range 


Lead Soldering Temperature 


5 Volt Lamps 
12Volt Lamps 


7.5 Voltsl21 
15 Voltsl3! 


-40· C to 85· C 
-40· C to 85· C 


-55·C to 100·C 
-55°C to 100°C 


260°C for 5 seconds 


Notes: 
2. 
Derate from TA = 50· Cat 0.071V/· C, see Figure 3. 


3. 
Derate from TA = 50· Cat 0.086V/" C. see Figure 4. 


High 
Red 
Efficiency Red 
Yellow 
Green 


Symbol 
Parameter 
Min. Typ. Max. 
Min. Typ. Max. 
Min. Typ. Max. 
Min. Typ. Max. 
Units 
Test Conditions 


APEAK 
Peak Wavelength 
655 
635 
583 
565 
nm 


Ad 
Dominant Wavelength 
640 
626 
585 
569 
nm 
Note 4 


R8J-PIN 
Thermal Resistance 
90 
90 
90 
90 
·C/W 
Junction 
to lead 


IF 
Forward Current 12 V 
13 
20 
13 
20 
13 
20 
13 
20 
at 3 mm from body 


Devices 


IF 
Forward Current 5 V 
13 
20 
10 
15 
10 
15 
12 
15 
mA 
At rated Voltage 


Devices 


T/V 
Lumi nous Efficacy 
55 
147 
570 
630 
lumen 
NoteS 
r 


/watt 


VBR 
Reverse Breakdown 
3.0 
5.0 
5.0 
5.0 
V 
IR=100p.A 
Voltage 


Notes: 
4. The dominant 
wavelength, 
Ad, is derived from the CIE chromaticity 
diagram and represents the single wavelength 
which defines 
the color of the device. 
5. 
Radiant intensity, 
Ie, in watts/steradian, 
may be found from the equation 
Ie = Iv/T/v. Where Iv is the luminous 
intensity 
in candelas 
and T/v is the luminous efficacy in lumens/watt. 


23.01.901 
MIN 
.!2~1 
1.0 1.0401 


II 


lli~ 
0.88 
1.0351 


,- 
-06410251 
NOMINAL 


SQUARE 
TYP. 
I 


~ 


"271'050)~.-----r-1 
J 
21911101 


- 
rnlJ>90) 
0.451_0181 


NOMINAL 
-\ 1- 
n-t 


CATHODE~t 


0,45 (.018. 
NOMINAL 


NOTES' 
I. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 


2. AN 
EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 


1.040"1 DOWN THE LEADS: 
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oint 
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Figure 3. Maximum Allowed Applied Forward Voltage vs. 


Ambient Temperature R9JA= 175°C/W. 
5 Voll 
Devices 


Figure 4. Maximum Allowed Applied Forward Voltage vs. 


Ambient Temperature R9JA= 175°C/W.12 
Volt 
Devices 
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Figure 5. Relallve Luminous Intensity vs. Angular Displacement 
lor T-1 Package 
Figure 6. Relative Luminous Intensity vs. Angular Displacement 
lor T-1 3/4 Package 
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Figure 7. Relative Luminous Intensity vs. Applied Forward 
Voltage. 5 Volt Devices 


1.0 
:? 
w>>: 
:3 
wa: 
0.5 


F/in- HEWLETT 
~~ 
PACKARD 


• IDEAL FOR TTL AND LSTTL GATE 
STATUS INDICATION 


• REQUIRES NO EXTERNAL RESISTORS WITH 
5 VOLT SUPPLY 


The HLMP-6600 and HLMP-6620 provide a Red 
Gallium Arsenide 
Phosphide on Gallium Phos- 


phide 
Light 
Emitting 
Diode 
together 
with 
an 


integral biasing resistor. The package has a red 
diffused 
lens and 
radial 
leads. Tape-and-reel 


mounting is available on request. 


Special lead bending is available on 2.54mm 
(.100 in) and 5.08mm (.200 in) centers. 


NOTES: 
1. 
ALL DIMENSIONS ARE IN MILLlMETRES 
(INCHES). 
2. 
OPTIONAL 
LEAD FORM AVAILABLE. 


SUBMINIATURE RESISTOR LAMPS 


HIGH EFFICIENCY RED 


5 VOLT. 4mA • HlMP- 6620 
5 VOLT,10mA • HlMP - 6600 


HLMP-6600/~20 
DC Forward Voltage 
6 Volts 
Operating Temperature Range 
-55°C to 70'C 
Storage Temperature 
Range 
-55°C to 100'C 
Lead Soldering Temperature 
[1.6mm (0.063 in.) from body} 
260°C for 3 sec. 


Standard Product HLMP- 
6600 
6620 
Tape & Reel PIN 
HLMP- 
HLMP- 


6607 
6627 


m~~ 


~~R 
\l 


292 (1151 


= jX 


.18 (.007) 
.23 (.009)~= 
T 
,~ 
j:: 
7610301 MAX 
II 
II 
II 
II 
II 
II 


191~L:{ 
100' 
SEENQTE 2 
NQM 


~ 
2.08 
{.082' ~ 


2.34 (.092) 


I· 
- . 


Electrical/Optical 
Characteristics at TA=25°C 


HLMP·6600 
HLMP·6620 


Symbol 
P.r.meter 
Min. 
Typ. 
Mu. 
Min. 
Typ. 
MD. 
Units 
Teat Conditions 


Iv 
Axial Luminous 
Intensity 
1.0 
2.4 
- 
0.2 
0.6 
- 
mcd 
VF - 
5 Volts 
(See Figure 3) 


281/2 
Included 
Angle Between 
aoo 
80· 
Note 1 
Half Luminous 
Intensity 
ISee Figure 4) 


Points 


),PEAK 
Peak Wavelength 
635 
635 
nm 
Measurement 
at 
Peak 


Ad 
Dominant 
Wavelength 
629 
629 
nm 
Note 2 


Eli 
Thermal 
Resistance 
120 
120 
·CIW 
Junction 
to 
Cathode 
Lead at 
0.79mm (0.031 inJ 
From Body 


IF 
Forward 
Current 
9.6 
13 
3.5 
5 
Volts 
(See Figure 
2) 


VSR 
Reverse Voltage 
5.0 
15.0 
5.0 
15.0 
V 
IR = 100 IJ,A 


"Iv 
Luminous 
Efficacy 
147 
147 
ImlW 
Note 3 


NOTES: 
1. f)1I2 is the off-axis angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant wavelength, 
Ad. is derived from the CIE chromaticity 
diagram and represents the single wavelength which defines the 
color of the device. 


3. Radiant intensity. Ie. in watts/steradian, 
may be found from the equation Ie= Iv/~v. where Iv is the luminous intensity in candelas and ~v 


is the luminous efficacy in lumens/watt. 
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Figure 1. Relative Intensity 
vs. Wavelength. 
Figure 
2. Forward Current 
vs. Forward 
Voltage. 
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Figure 
3. Relative Luminous 
Intensity 
vs. 
Figure 
4. Relative Luminous 
Intensity 
va. 


Forward Voltage. 
Angular 
Displacement. 


Flio- HEWLETT 
~e. PACKARD 


I 
24.t3jO.951 
L 


t2110601~L 


--1 
.2.S410.100} NOMINAL 


O.••• 1.0,.} NOMINA~I~ 


CATHODE~--t 
046 {.OUIl NOMINAL 


NOTES 
1. ALL DIMENstONSARE 
fN MILLIMETRES 
llNCHeS}. 


2. AN EPOXV MENISCUS-MAY 
ExrENO 
A80uT 
lmm 
j.040"} 
DOWN THE LEADS 


• HIGH SENSITIVITY: 
10mV ON TO OFF 


• BUILT 
IN LED CURRENT 
LIMITING 


• TEMPERATURE 
COMPENSATED 
THRESHOLD 
VOLTAGE 


• COMPACT: 
PACKAGE 
INCLUDES 
INTEGRATED 
CIRCUIT 
AND LED 


• GUARANTEED 
MINIMUM 
LUMINOUS 
INTENSITY 


• THRESHOLD 
VOLTAGE 
CAN BE INCREASED 
WITH EXTERNAL 
COMPONENT 


• 
Push-to-test 
battery 
voltage tester (pagers, 
cameras, appliances, 
radios, test equipment 
... 
J 


• 
Logic level indicator 
• 
Power supply voltage monitor 
• 
V-U meter 


• 
Analog level sense 


• 
Voltage indicating 
arrays - use several with 
different 
thresholds 
• 
Current 
monitor 


T-1 (3mm) 
VOLT AGE SENSING 


RED SOUD STATE LAMP• 


TEMPERATURE 
COMPENSATED 
REFERENCE 
VOLTAGE 


The HP voltage sensing 
LEDs use an integrated 
circuit 
and a 


red GaAsP LED to provide a complete voltage sensing function 
in a standard 
red diffused T-l 
LED package. When the input 


voltage (V IN) exceeds 
the threshold 
voltage (V TH) the LED 
turns 
"on". 
The 
high gain of the 
comparator 
provides 
un- 
ambiguous 
indication 
by the 
LED of the 
input voltage with 


respect 
to the 
threshold 
voltage. The V-I characteristics 
are 


resistive 
above and below the threshold 
voltage. 
This allows 


battery 
testing 
under 
simulated 
load 
conditions. 
Use of a 
resistor, 
diode or zener in series allows the threshold 
voltage 
to be increased 
to any desired 
voltage. A resistor 
in parallel 


allows 
the 
sensing 
LED to be used 
as a current 
threshold 
indicator. 


The 
HLMP-1142 
has a nominal 
threshold 
voltage 
of 2.7V. 


Storage Temperature 
-55°C to +100°C 


Operating Temperature. 
. . . . . . . . . . . . .. 
-55°C to +85°C 


Lead Solder Temperature 
260°C for 5 Sec. 


Input Voltage - V1N [11 
+5V dc 


Reverse Input Voltage - VR 
.. 
• . • • • . • • • • • • . .. 
-O.5V 


NOTES: 
1. Derate linearly above 50°C free-air temperature 
at a rate of 37mVrC. 


Electro-Optical Characteristics at TA=25°C 


HLMP-1142 


Parameter 
Sym. 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 


Threshold Voltage 
VTH 
2.& 
2.7 
2.9 
V 
1,2 


Temperature Coefficient 
lIVTH 
-1 
mVtc 


of Threshold 
lITA 
13 
mA 
VIN = 2.75V 
2 
Input Current 
tiN 
33 
50 
mA 
VIN = 5.0V 
2 


Luminous Intensity 
Iv 
0.3 
0.7 
mcd 
VtN -2.75V 
1 


Wavelength 
APEAK 
655 
nm 
Measurementat peak 


Dominant Wavelength 
Ad 
640 
nm 
Note 1 


3.0 
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Figure 
1. 
Luminous 
Intensity 
vs. 


Input Voltage. 
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Figure 2. 
Input Current vs. Input Voltage. 
Figure 3. 
Relative Luminous 
Intensity 
vs. 


Angular 
Displacement. 
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External 
Component 
V'TH 


V~H 


Schottky Diode 
VTH + 0.46V 
(HP 5082-2835) 


V~H 


P-N Diode 
VTH +0.75V 
(1N914) 


--{ 
LED 


V~H 


VTH + 1.6V 


(HLMP-1000) 


V~H 


Zener Diode 
VTH+VZ 


Vz 


lIV'TH 
TC=--(mVtC) 


lITA 


1. 
The 
dominant 
wavelength, 
Ad. is derived 
from 
the 
CI E chromaticity 
diagram 
and represents 
the single wavelength 
which 
defines the color of the device. 


2. 
ITH is the maximum current just below the threshold, VTH. Sinceboth ITH and VTH are variable, a precisevalue of 
V'TH 
is obtainable 
only by selecting 
R to fit the measured characteristics 
of the individual 
devices (e.g., with 
curve traced. 


3. 
The temperature 
coefficient 
(TC) 
will 
be a function 
of the resistor TC and the value of the resistor. 


HIGH BRIGHTNESS 
DIFFUSED LED LAMPS I· 
- - 
F/iHW HEWLETT 
~~ 
PACKARD 


Features 


• 
HIGH 
INTENSITY 


• 
HIGH 
PERFORMANCE 
RED LAMP 


• 
POPULAR 
T-H{' 
PACKAGE 


• 
LIGHT 
OUTPUT 
CATEGORIES 


• 
DIFFUSED 
LENS/NARROW 
VIEWING 
ANGLE 


• 
GENERAL 
PURPOSE 
AND 
WIRE 
WRAPPABLE 
LEADS 


• 
IC COMPATIBLE/LOW 
CURRENT 
REQUIREMENTS 


• 
RELIABLE 
AND RUGGED 


• 
COMPATIBLE 
WITH 
HLMP-0103 
PANEL 
MOUNT 


Description 


The 
HLMP-4600 
Series 
lamps 
are 
Gallium 
Arsenide 
Phosphide 
on 
Gallium 
Phosphide 
diodes 
emitting 
red 
light 
General 
purpose 
and selected 
brightness 
versions 
of the 
diffused 
lens type are available. 


The 
HLMP-4600/-4601 
are high 
performance 
red T-1 3/4 


lamps 
made 
to 
be 
used 
in 
illuminator 
and 
general 
purpose 
applications. 
The HLMP-4610 
is a 4600 lamp with 


.025" leads. 


Part 
Number 
HLMp· 
Application 
Lens 
Color 


4600/ 
Indicator- 
Tinted 
High 
4610 
General 
Purpose 
Diffused 
Efficiency 
Red 


4601 
Indicator 
- 
Tinted 
High 
High Brightness 
D'ffused 
Efficiency 
Red 


:d= 5.1 (~OO) 
U""Ti7OJ 


r- 


Z3.0 1.90) 
MIN. 


1.27 (.0501 I 
NOMINAL 


1.151.0451 
0.88 (035) 
::: ::~~:SauARETYP. 


~ 


~ ..... 
T 


( 
~l 
~ 
'ii 
5.6 l.220) 


CATHODf; 
~- 
- 
J 
- 
r-- 2.54 
1·1001 NOM. 


NOTES- 


1. 
ALL 
DIMENSIONS 
ARE 
IN 
MILltMETRES 
(INCHES), 
2. 
AN 
EPOXY 
MENISCUS 
MAV 
EXTEt-.lO 
ABOUT 
1mm 


1.040"1 
DOWN 
THE 
LEADS 


Absolute Maximum Ratings at TA - 25°C 
- 


Parame1er 
4600 Series 
Units 


Power Dissipation 
1 
135 
mW 


DC Forward Current 
2 
30 
mA 


Average Forward Currentl3 
25 
mA 


Peak Operating 
Forward Current 
90 
mA 


Operating and Storage Temperature 
Range 
-55°C to +1OO°C 


Lead Solder Temperature 
(1.6 mm [0.063 inch] below package base) 
260° C for 5 seconds 


NOTES: 
1. Derate from 25°C at 1.8 mW/oC. 
3. See Figure 5 to establish pulsed operating conditions. 


2. Derate from 50°C at 0.5 mAIoC. 
Electrical Characteristics at T A = 25°C 


Device 
Symbol 
Description 
HLMP- 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Iv 
Luminous 
Intensity 
4600/10 
2.0 
4.0 
mcd 
IF = 10mA (Fig. 3\ 


10.0 
mcd 
IF= 20mA 


4601 
4.0 
8.0 
mcd 
IF= 10mA 


20.0 
mcd 
I,F= 20mA 


2Eh/2 
Viewing Angle 
4600/01/10 
32 
Deg 
IF = 10mA 
See Note 1 Fig. 6· 


APEAK 
Peak Wavelength 
4600/01110 
635 
nm 
Measurement at Peak 
{Fig.11 


Ad 
Dominant Wavelength 
4600/01/10 
626 
nm 
See Note 2 


TS 
Speed 01 Response 
4600/01110 
90 
ns 


C 
Capacitance 
4600/01/10 
16 
pF 
VF = 0, 1= 1 MHz 


(.)JC 
Thermal Resistance 
4600/01/10 
135 
°C/W 
Junction 
to Cathode 


Lead at Seating Plane 


VF 
Forward Voltage 
4600/01/10 
1.5 
2.2 
3.0 
V 
IF = 10mA (Fig. 2 


VSA 
Reverse Breakdown 
4600/01110 
50 
V 
IA = 100/LA 
Voltage 


T/v 
Luminous 
Efficacy 
4600101/10 
147 
lumensl 
See Note 3 
watt 
Notes: 


1. 
(-)112 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


2. The dominant wavelength,Ad, is derivedfrom the CIEchromaticity diagramand representsthe single wavelengthwhich definesthe color 
of the device. 


3. Radiantintensity, Ie,in watts/steradian,maybefound from the equation Ie= Iv/ryv,where Ivis the luminous intensity in candelasand ryvis 


the luminous efficacy in lumens/watt. 
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Figure 1. RelativeIntensity vs. Wavelength 


High Efficiency Red HLMP-4600 Series 
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Figure 2. Forward Current vs 
Figure 3. Relative Luminous Intensity 


Forward Voltage Characteristics. 
vs. DC Forward Current. 
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Figure 4. Relative Elliciency 
Figure 5. Maximum Tolerable Peak 
(Luminous 
Intensity 
per Unit 
Current vs. Pulse Duration. (IDC MAX 
Current) 
vs. LED Peak Current. 
as per MAX Ratings). 
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.Flgure 6. Relative Luminous Intensity vs. Angular Displacement 
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Fh:' HEWLETT 
~~ 
PACKARD 


T -1 3/4 (Smm> 


SOLID STATE LAMPS 


HIGH EFFICIENCY. 
HlMP-3300 
SERIES 


YELLOW. 
HLMP-3400 
SERIES 
HIGH PERFORMANCE 
GREEN • 
HLMP-3500 
SERIES 


Features 


• 
HIGH 
INTENSITY 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
High 
Efficiency 
Red 
Yellow 
High Performance 
Green 


• 
POPULAR 
T-13I. DIAMETER 
PACKAGE 


• 
LIGHT 
OUTPUT 
CATEGORIES 


• 
WIDE 
VIEWING 
ANGLE 
AND 
NARROW 
VIEWING 
ANGLE 
TYPES 


• 
GENERAL 
PURPOSE 
LEADS 


• 
IC COMPATIBLE/LOW 
CURRENT 
REQUIREMENTS 


• 
RELIABLE 
AND 
RUGGED 


The HLMP-3300 and the HLMP-3400 Series lamps are 
Gallium 
Arsenide 
Phosphide 
on 
Gallium 
Phosphide 
diodes emitting 
red and yellow light respectively. The 
HLMP-3500 Series lamps are green light emitting Gallium 
Phosphide diodes. 


General purpose and selected brightness versions of both 
the diffused and non-diffused lens type are available in 
each family. 
package Dimensions 


9.19(.362) 


===4I 


321 


0.39 t03SJ 
MiI:ol5l 


0,45(.0181 
SQUA.RE 
NOMiNAL 


M-"~ 
~j 
~t240' 


I 
'I. 
$.59 
l.2lOJ 
-~ 
264 


CATHODE 
--, 
r-- ~. 


NOTES: 
1. ALL DIMENSIONS ARE IN MILUMETRES llNCHESi 


2. 
AN 
EPOXY 
MENISCUS 
MAV 
EXTEND 
ABOUT 
lmm 
U40". 
OOWN THE LEADS 


Part 
Number 
HlMP- 
Application 
lens 
Color 


3300 
Indicator 
- 


General Purpose 
Diffused 


3301 
Indicator 
- 
Wide Angle 


High Ambient 
High 
Efficiency 


3315 
Illuminator/Point 
Red 


Source 
Non Diffused 


3316 
Illuminator/High 
Narrow Angle 


Brightness 


. 3400 
Indicator 
General Purpose 
Diffused 


3401 
Indicator 
- 
Wide Angle 


High Ambient 


Yellow 


3415 
Illuminator/Point 
Source 
Non Diffused 


3416 
lIiuminator/High 
Narrow Angie 


Brightness 


3502 
~dicator 
- 


eneral Purpose 
Diffused 


3507 
Indicator 
- 
Wide Angle 


High Ambient 


Green 


3517 
lIIuminator/PolOt 
Source 
Non Diffused 


3519 
Illuminator/High 
Narrow Angle 


Brightness 


Device 
Symbol 
Description 
HLMp· 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Iv 
Luminous 
Intensity 
3300 
2.0 
3.5 
3301 
4.0 
7.0 
mcd 
IF= 10 mA (Figure 3) 


3315 
12.0 
18.0 
3316 
20.0 
30.0 


3400 
2.0 
40 
3401 
4.0 
80 
mcd 
IF = 10 mA 
Figure 8 
3415 
10.0 
18.0 
3416 
20.0 
30.0 


3502 
1.6 
2.4 


3507 
4.2 
5.2 
mcd 
FF= 10 mA (Figure 3) 


3517 
6.7 
10.0 
3519 
10.6 
25.0 


201/2 
Including 
Angle 
3300 
65 
Between Half 
3301 
65 
Deg. 
IF= 10 mA 
Luminous 
Intensity 
3315 
35 
See Note 1 'Figure 
6 
Points 
3316 
35 


3400 
75 
3401 
75 
Deg. 
IF= 10 mA 
3415 
35 
See Note 1 IFigure 11 


3416 
35 


3502 
75° 


3507 
75° 
IF= 10 mA 
3517 
24° 
Deg. 
See Note 1 Figure 16 
3519 
24° 


hPEAK 
Peak Wavelength 
3300 
635 
Measurement 
at Peak 


3400 
583 
nm 
Figure 1 


3500 
565 


hd 
Dominant 
Wavelength 
3300 
626 
3400 
585 
nm 
See Note 2 IFigure 1 
3500 
569 


TS 
Speed of Response 
3300 
90 
3400 
90 
ns 
3500 
500 


C 
Capacitance 
3300 
16 
pF 


3400 
18 
VF = 0; f = 1 MHz 


3500 
18 


OJc 
Thermal 
Resistance 
3300 
Junction 
to Cathode 


3400 
140 
°C/W 
Lead at Seati ng Plane 
3500 


VF 
Forward Voltage 
3300 
1.5 
2.2 
3.0 
IF = 10 mA IFigure 2 


3400 
1.5 
2.2 
3.0 
V 
IF = 10 mA (Figure 7 


3500 
1.6 
2.3 
3.0 
IF = 20 mA 
Figure 12 


VBR 
Reverse Breakdown 
Volt. 
All 
5.0 
V 
IR = 100 p.A 


~v 
Luminous 
Efflcacy 
3300 
147 
lumens 
See Note 3 


3400 
570 
Watt 


3500 
630 


NOTES: 


1. 
8Y2 is the 
off·axis 
angle 
at which 
the 
luminous 
intensity 
is half 
the 
axial 
luminous 
intensity. 


2. 
The 
dominant 
wavelength, 
i\d. 
is derived 
from 
the 
CI E chromaticity 
diagram 
and 
represents 
the 
single 
wavelength 
which 
defines 
the 
cotor 
of 
the 
device. 


3. 
Radiant 
intensity, 
Ie. in watts/steradian, 
may 
be found 
from 
the 
equation 
le=lv/71v. 
where 
Iv is the 
luminous 
intensity 
in candelas 
and 
TJvis 
the 
luminous 


efficacy 
in lumens/watt. 


I· 
- . 


Absolute Maximum Ratings at TA 


Parameter 
3300 Series 
3400 series 
3500 Series 
Units 


Peak Forward Current 
90 
60 
90 
mA 


Average Forward Current 
11 
25 
20 
25 
mA 


DC Currentl2, 
30 
20 
30 
mA 


Power Dissipation.3, 
135 
85 
135 
mW 


Operating Temperature Range 
-40 to +100 


-55 to +100 
-55 to +100 
Co 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering Temperature 
2600 C for 5 seconds 
[1.6 mm (0.063 in,) from body) 


NOTES: 
1. See Figure 5 (Red). 10 (Yellow) or 15 (Green) to establish pulsed operating conditions. 
2. For Red and Green series derate linearly from 50°C at 0.5 mAl" C. For Yellow series derate linearly from 50°Cat 0.2 mAIo C. 
3. For Red and Green series derate power linearly from 25° C at 1.8 mWfOC. For Yellow series derate power linearly from 


50° C at 1.6 mW/o C. 
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Figure 2. Forward Current vs. Forward 
Voltage Characteristics. 


Figure 5. Maximum Tolerable Peak Current vs. Pulse 
Duration. (IOC MAX as per MAX Ratings 


Figure 4. Relative Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. 


LED Peak Current. 


Figure 6. Relative Luminous Intensity vs. Angular 
Displacement. 
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Figure 7. Forward Current vs. Forward 
Voltage Characteristics. 


Figure 9. Relative Efficiency (Luminous 


Intensity per Unit Current) vs. 
Peak Current. 
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Figure 10. Maximum Tolerable Peak Current vs. Pulse 
Duration. (IDC MAX as per MAX Ratings) 
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Figure 12. Forward Currentvs. Forward 
Voltage Characteristics. 
Figure 14. Relative Efficiency {Luminous 


Intensity per Unit Current) vs. 
Peak LED Current. 
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Figure 15. Maximum Tolerable 
Peak Current vs. Pulse 
Duration. 
(IDC MAX as per MAX Ratings) 


• 


Features 


• 
HIGH 
INTENSITY 


• 
LOW PROFILE: 
5.8mm 
(O.23 in) NOMINAL 


• 
T-H. 
DIAMETER 
PACKAGE 


• 
LIGHT 
OUTPUT 
CATEGORIES 


• 
DIFFUSED 
AND 
NON-DIFFUSED 
TYPES 


• 
GENERAL 
PURPOSE 
LEADS 


• 
IC COMPATIBLE/LOW 
CURRENT 


REQUIREMENTS 


• 
RELIABLE 
AND 
RUGGED 


The 
HLMP-3200 
Series 
are 
Gallium 
Arsenide 
Phosphide 


Red Light 
Emitting 
Diodes 
with a red diffused 
lens. 


The HLMP-3350 
Series are Gallium 
Arsenide 
Phosphide 
on 
Gallium 
Phosphide 
High 
Efficiency 
Red 
Light 
Emitting 
Diodes. 


The HLMP-3450 
Series are Gallium 
Arsenide 
Phosphide 
on 
Gallium 
Phosphide 
Yellow 
Light 
Emitting 
Diodes. 
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1.27 (.0501 
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--1 J-- 0.45 (.018) SQUARE NOMINAL 


NOTES 
1. 
ALL DIMENSIONS 
ARE 


IN MllUMETRES 
(INCHES) 
2 
AN EPOXY MENISCUS 
MAY 
EXTEND 
ABOUT 
ltr1m 1.040"1 
DOWN THE LEAQS 


I 
I 


~~INOM, 


erR 
AlMP-3350 
SERIES 


YEllOW 
• 
HlMP-3450 
SERIES 


HIGH PERFORMANCEGREEN. 
HlMP-3550 
SERIES 


The HLMP-3550 
Series are Gallium 
Phosphide 
Green Light 


Emitting 
Diodes. 


The Low Profile 
T-1 % package 
provides 
space savings 
and 


is excellent 
for 
backlighting 
applications. 


Part 


Number 
HLMP- 
Application 
Lens 
Color 


3200 
Indicator 
General 
Purpose 
Tinted 


3201 
IndIcator 
- 
DIffused 
Red 


High Bnghtness 
Wide Angte 


3350 
Indicator 
- 


General 
Purpose 
Tinted 


3351 
IndIcator 
- 
DIffused 


High 
Brightness 
Wide Angle 
High 


3365 
General Purpose 
Efficiency 


Point Source 
Tinted 
Red 


3366 
High Brightness 
Non-diffused 


Annunciator 
Narrow 
Angle 


3450 
Indicator 
- 
Tinted 
General 
Purpose 
3451 
Indicator 
- 
Diffused 


High BrlQhtness 
Wide Angle 


3465 
General Purpose 
Yellow 


Point Source 
Tinted 


3466 
High Brightness 
Non-diffused 


Annunciator 
Narrow 
Angle 


3553 
Indicator 
- 
General 
Purpose 
Tinted 


3554 
IndIcator 
- 
Diffused 


HIgh Brightness 
Wide Angle 


3567 
General 
Purpose 
Green 


Point 
Source 
Tinted 


3568 
High Brightness 
Non-diffused 


Annunciator 
Narrow 
Angle 


Absolute 
Maximum 
Ratings at TA=25°C 


3200 
3350 
3450 
3550 
Parameter 
Serles 
Series 
Series 
Series 
Units 


Peak ForNard Current 
1000 
90 
60 
90 
mA 


Average Forward Current,1) 
50 
25 
20 
25 
mA 


DC Currenti2 
50 
30 
20 
30 
mA 


Power Dissipation 3 
100 
135 
85 
135 
mW 


Operating Temperature 
Range 
-40 to +100 


-55 to +100 
-55 to +100 
-55 to +100 
Co 


Storage Temperature 
Range 
-55 to +100 


Lead Soldering Temperature 
260° C for 5 seconds 
[1.6 mm (0.063 inJ from body] 


NOTES: 
1. See Figure 5 IRed), 10 (High Efficiency Red), 151Yellowl or 20 IGreen) to establish pulsed operating conditions. 
2. For High Efficiency 
Red and Green Series derate linearly 
from 500G at 0.5 mA/oG. 
For Red and Yellow Series derale 
linearly from 500G at 0.2 mAloG. 


3. For High Efficiency 
Red and Green Series derale power linearly 
from 25°G al 1.8 mW/oG. 
For Red and Yellow Series 
derale power linearly 
from 500G at 1.6 mWfOG. 
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RED HLMP-3200 SERIES 
Electrical 
specifications 
at TA= 25°C 
- 


Device 
Symbol 
DeSQ'iption 
HLMP- 
Min. 
TVp. 
Max. 
Units 
Test Conditions 


3200 
1.0 
2.0 
Iv 
Axial Luminous 
Intensity 
3201 
2.0 
4.0 
moo 
IF = 20mA (Fig. 3) 


Included 
Angle Between 


26'12 
Half Luminous 
Intensity 
60 
deg. 
Note 1 (Fig. 6) 


Points 


APEAK 
Peak Wavelength 
655 
nm 
Measurement 
@ Peak (Fig. 1) 


~ 
Dominant 
Wavelength 
648 
nm 
Note 2 


TS 
Speed of Response 
15 
ns 


C 
capacitance 
100 
pF 
VF = 0; f = 1 MHz 


IfJC 
Thermal 
Resistance 
125 
°elW 
Junetionto 
cathode 
Lead 1.6 mm 


(0.063 in.) from Body 


VF 
Forward 
Voltage 
1.4 
1.6 
2.0 
V 
IF = 20mA (Fig. 2) 


VeR 
Reverse Breakdown 
Voltage 
3 
10 
V 
IR = l00/lA 


l1v 
Luminous 
Efficacy 
55 
ImlW 
Note 3 


Notes: 
1.8% is the off·axis angle at which the luminous intensity 
is half the axial luminous intensity. 
2. Dominant 
wavelength, Ad. is derived from the CI E 


chromaticity 
diagram 
and represents 
the single wavelength 
which 
defines 
the color of the device. 
3. Radiant 
IntensitY 
Ie. in watts/steradian 
may be found 
from the equation 
Ie"" IvlT/v. where Iv is the luminous intensity 
in candelas and T)" is the luminous efficacy in lumens/watt. 
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Figure 2. Furward Current versus 
Forward Voltage. 
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Figure 3. Relative Luminous Intensity 
versus Forward Current. 
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Figure 5. Maximum Tolerable Peak Current versus Pulse 
Duration. 
(IDe MAX as PM MAX Ratings) 
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Figure 4. Relative Efficiency 
(Luminous 
Intensity 


per Unit Current) 
versus Peak Current. 


Figure 6. Relative Luminous Intensity 
versus 
Angular Displacement. 


HIGH EFFICIENCYRED HLMP-3350 SERIES 


Electrical 
specifications 
at TA=25°C 


Symbol 
Oeseription 
Pevice 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
HLMP 


3350 
2.0 
3.5 


Iv 
Axial Luminous Intensity 
3351 
5.0 
7.0 
moo 
IF = 10mA (Fig.8) 
3365 
7.0 
10.0 


3366 
12.0 
18.0 


Included Angle Between 
3350 
50 
3351 
50 
29'h 
Half Luminous Intensity 
3365 
45 
deg. 
Note 1 (Fig. 11) 
Points 
3366 
45 


APEAK 
Peak Wavelength 
635 
nm 
Measurement @ Peak (Fig. 1) 


~ 
Dominant Wavelength 
626 
nm 
Note 2 


1", 
Speed of Response 
90 
ns 


C 
Capacitance 
16 
pF 
VF = 0; f = 1 MHz 


OJC 
Thermal Resistance 
130 
°e!W 
Junction to Cathode Lead 1.6mm 


30~ 


(0.063 in.) from Body 


VF 
Forward Voltage 
1.5 
2.2 
IF '" 10mA (Fig. 7) 


VBR 
Reverse Breakdown Voltage 
5.0 
IR = 100j.lA 


'1v 
Luminous Efficacy 
147 
ImlW 
Note 3 


Notes: 
1. 8Y.1 is the off-axis 
angle 
at which 
the 
luminous 
intensitY 
is half the axial 
luminous 
intensity. 
2. Dominant 
wavelength, 
Ad. is derived 
from 
the 
CI E 
chromaticity 
diagram 
and 
represents 
the single 
wavelength 
which 
defines 
the color 
of the device. 
3. Radiant 
Intensity 
'e, in watts/6teradian 
may 
be found 
from 
the equation 
Ie :: Iv/flv. where 
Iv is the 
luminous 
intensity 
in candelas 
and 
flv is the 
luminous 
efficacy 
in lumens/watt. 
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Figure 7. Forward 
Current 
versus 
Figure 8. Relative 
Luminous 
Intensity 
Figure 9. Relative 
Efficiency 
Forwerd 
Voltage. 
versus Forward 
Current. 
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Figure 10. Maximum 
Tolerable 
Peak Current 
versus Pulse 
Figure 11. Relative 
Luminous 
Intensity 
versus 
Duration. 
(lDC MAX as per MAX Ratings) 
Angular Displacement. 


• 


YELLOW HLMP-3450 
SERIES 


Electrical 
Specifications 
at TA= 25°C 


Description 
Device 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Symbol 
HLMP 


3450 
2.6 
4.0 


Axial Luminous Intensity 
3451 
6.0 
10.0 
moo 
IF = 10mA (Fig. 13) 
Iv 
3465 
6.0 
12.0 
3466 
12.0 
18.0 


3450 
50 
Included Angle Between 
3451 
50 
28'1. 
Half Luminous Intensity 
3465 
45 
deg. 
Note 1 (Fig. 16) 


Points 
3466 
45 


APEAK 
Peak Wavelength 
583 
nm 
Measurement @ Peak (Fig. 1) 


Ac! 
Dominant Wavelength 
585 
nm 
Note 2 


Ts 
Speed of Response 
90 
ns 


C 
Capacitance 
18 
pF 
VF = 0; f - 1 MHz 


8JC 
Thermal Resistance 
100 
°CfW 
Junction to Cathode Lead 1.6mm 
(0.063 in.) from Body 


VF 
Forward Voltage 
1.5 
2.2 
3.0 
V 
IF = 10mA 
(Fig. 12) 


VBR 
Reverse Breakdown Voltage 
5.0 
V 
IA = l00pA 


l1v 
Luminous Efficacy 
570 
ImIW 
Note 3 


Notes: 
1.8% is the off-axis angle at which the luminous intensity 
is half the axial luminous intensity. 
2. Dominant wavelength, Ad. is derived from the CIE 
chromaticity 
diagram 
and represents 
the single wavelength 
which 
defines 
the color 
of the device. 
3. Radiant 
Intensity 
Ie, in watts/steradian 
may be found 
from the equation Ie = ''II/fly. 
where Iv is the luminous intensity 
in candelas and 11" is the luminous efficacy in lumens/watt. 
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Figure 12. 
Forward Current versus 
Forward Voltage. 
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Figure 13. 
Relative Luminous Intensity 
versus Forward Current. 
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Figure 15. 
Maximum Tolerable 
Peak Current versus Pulse 
Ouration. 
(loe 
MAX as per MAX Ratings). 
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Figure 14. Relative Efficiency 
(Luminous 
Intensity 
per Unit Current) 
versus Peak Current. 
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GREEN HLMP- 3550 SERIES 
- . 


Electrical 
specifications 
at TA=25°C 


Symbol 
Description 
Device 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
HLMp· 
3553 
1.6 
3.2 


Axial 
Luminous 
Intensity 
3554 
.6.7 
10.0 
mcd 
IF = 10 mA (Figure 
18) 
Iv 
3567 
4,2 
7.0 
3568 
10.6 
15.0 


Included 
Angle 
Between 
3553 
50 
281/2 
Half Luminous 
Intensity 
3554 
50 
deg. 
Note 1 IFigure 
21) 


Points 
3567 
40 
3568 
40 


hPEAK 
Peak Wavelength 
565 
nm 
Measurement 
@ Peak, 
Figure 
1 


hd 
Dominant 
Wavelength 
569 
nm 
Note 2 


r$ 
Speed of Response 
500 
ns 


C 
Capacitance 
18 
pF 
VF = 0; f = 1 MHz 


BJC 
Thermal 
Resistance 
90 
·C/W 
Junction 
to Cathode 
Lead 1.6 mm 


(0.063 
In. I from 
Body 


VF 
Forward 
Voltage 
1,6 
2.3 
3.0 
V 
IF = 20 mA(Flgure 
17) 


VBR 
Reverse Breakdown 
5.0 
V 
IR = 100 p.A 
Voltage 


'Iv 
Lumi nous Efficacy 
630 
Im/W 
Note 3 


Notes: 
1.0% is the off-axis angle at which the luminous intensity 
is half the axial luminous intensity. 
2. Dominant wavelength, "d. is derived from the CtE 
chromaticity 
diagram and represents the single wavelength which defines the color of the device. 
3. Radiant Intensity 
Ie. in watts/steradiem 
may be found 
from the equation Ie ::: Iv/rlv. where Iv is the luminous intensity 
in candelas and l1v is the luminous efficacy 
in lumens/watt. 
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Figure 17. Forward 
Current 
versus 
Forward 
Voltage. 
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Figure 18. Relative 
Luminous 
Intensity 
versus Forward 
Current. 
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Figure 20. Maximum Tolerable 
Peak Current versus Pulse 


Duration. 
(IDe 
MAX 
as per MAX 
ratings). 
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Figure 
19. Relative 
Efficiency 


(Luminous 
Intensity 


per Unit Current) 
versus Peak Current. 


Figure 21. Relative Luminous 
Intensity 
versus 
Angular Displacement. 
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Features 


• 
LOW COST, 
BROAD 
APPLICATIONS 
• 
LONG 
LIFE, SOLID 
STATE 
RELIABILITY 
• 
LOW POWER 
REQUIREMENTS: 
20 mA @ 1.6V 
• 
HIGH 
LIGHT 
OUTPUT: 
2.0 mcd Typical for HLMP-3000 
4.0 mcd Typical for HLMP·3001 
• 
WIDE 
AND 
NARROW 
VIEWING 
ANGLE 
TYPES 
• 
RED DIFFUSED 
AND 
NON-DIFFUSED 
VERSIONS 


The 
HLMP-3000 
series 
lamps 
are 
Gallium 
Arsenide 
Phosphide light emitting diodes intended for High Volume/ 
Low Cost applications such as indicators for appliances, 
smoke detectors, automobile instrument panels and many 
other commercial uses. 


The 
HLMP-3000/-3001/-3002 
have red diffused 
lenses 
where as the HLMP-3050 has a red non-diffused lens.These 
lamps can be panel mounted using mounting clip HLMP- 
0103.The HLMP-3000/-3001 lamps have .025" leads and the 
HLMP-3002/-3050 have .018" leads. 
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+ 
I 
1.15 (.0451 
0.88 (.035) 


23.0 (.901 
a.64 1.0251 
MIN, 
saUAIiE 
TYP, 


T-1 3/4 (Smm) 
RED SOLID STATE LAMPS 
HlMp·3000 
HlMP'3001 
HlMp·3002 
HlMP-30S0 


TECHNICAL 
DATA 
JANUARY 
1984 


Absolute Maximum Ratings 
at TA=25°C 


Power Dissipation 
100mW 


DC Forward Current (Derate linearly from 
50°C at 0.2 mN°C) 
50 mA 


Peak Transient Forward Current. 
. . . . . . . . . . . . . .. 
1 Amp 


(1!,sec pulse width. 300pps) 


Operating and Storage 
Temperature Range 
.............•... 
-55°C to +100°C 


Lead Soldering Temperature 
260°C for 5 sec. 


r 
9.19 (.3621 
84J(332J 


NOTES: 
,. 
ALL DIMENSIONS ARE IN 
MILLIMETRES 
(INCHES) 
2. AN EPOXV MENISCUS MAY 
EXTEND ABOUT 1mm 
(.040") 
DOWN THE LEADS. 
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Electrical Characteristics at TA=25°C 


HLMP·3000 
HLMP·3001 
HLMp·3002 
HLMP·3050 


Symbol 
Parameters 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Mu. 
Min. 
Typ, 
Mu. 
Min. 
Typ. 
Max. 
Units 
Tast Condllons 


Iv 
Luminous 
1,0 
2.0 
2.0 
4.0 
1.0 
2.0 
1.0 
2.5 
mcd 
IF - 20 mA 
Intensity 


'\'PEAK 
Peak 
655 
655 
655 
655 
Wavelength 
nm 
Measurement 


'\0 
Dominant 
648 
648 
648 
648 
at Peak 


Wavelength 


To 
Speed of 
10 
10 
10 
10 
ns 
Response 


C 
Capacitance 
100 
100 
100 
100 
pF 
VF-O, 
f= 
1 MHz 


VF 
Forward 
1.4 
1.6 
2.0 
1.4 
1.6 
2.0 
1.4 
1.6 
2.0 
1.4 
1.6 
2.0 
V 
IF= 20 mA 
Voltage 


Reverse 


VeR 
Breakdown 
3 
10 
3 
10 
3 
10 
3 
10 
V 
IR= 100l'A 
Voltage 


8JC 
Thermal 
100 
100 
100 
100 
·C/W 
Junction 
to 


Resistance 
Cathode 
Lead 


Included 
Angle 
Between 
Haif 


281/2 
Luminous 
75 
75 
75 
24 
Deg. 
IF=20 
mA 


Intensity 
Points, 
Both Axes 
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Figure 
1. Forward 
Current 
Versus 
Forward 
Voltage 
Figure 
2. Relative 
Luminous 
Intensity 
Versus 
Forward 
Current 


Characteristic 
For HLMP·3000/·3001/·3050/-3002. 
For HLMP-3000/-3001/-3050/-3002. 
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Versus Angular 
Figure 4, Relative 
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Intensily 
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Displacement. 
T-1 3/4 Lamp. HLMP-3050 
and 
HLMP-3000/ 
-3001/-3002. 


• 


- 
- - 


Yellow 
High performance 
Green 


Features 


• 
IMPROVED 
INTENSITY 


• 
CHOICE 
OF VIEWING 
ANGLE 


• 
SMALL 
SIZE T-1 DIAMETER 
3.18 mm (0.125 inch) 


• 
IC COMPATIBLE 


• 
RELIABLE 
AND 
RUGGED 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
High 
Efficiency 
Red 
Yellow 
High 
Performance 
Green 


HlMP-1400 
Series 
HLMP-1500 Series 


Description 


These solid state lamps are available in a broad matrix of 
colors 
and finished 
package appearance to suit your 


particular application. Each device is designed to generate 
high axial luminous intensity and good on-off contrast. 
The 
red 
and 
yellow 
devices 
utilize 
Gallium 
Arsenide 
Phosphide on Gallium Phosphide light emitting diode and 
the green devices utilize a Gallium Phosphide light emitting 
diode. The HLMP-1300, -1301, -1302 are high efficiency red 
lamps particularly designed for wide angle viewabilty under 
Axial Luminous Intensity and viewing Angle @ 25°C 


a variety of ambient conditions. 
The HLMP-1400, -1401, 


-1402 servea similar function in yellow, The HLMP-1503 and 
-1523 do likewise for green. The HLMP-1320 and -1321 are 
high efficiency red LED lamps with a more narrow viewing 
angle better suited for backlighting or particularly severe 
high ambient conditions. The HLMP-1420/1421 and HLMP- 
1520/1521 
are similar 
devices 
in yellow 
and green 


respectively. 


Part 
Iv (mcd) 
Test 
201/2 
AD 
Number 
Description 
Condition 
(Typ.) 
(nm-Typ.) 
Color 
HlMP- 
Min. 
Typ. 
(mA) 
[1] 
[2] 


1300 
Tinted, Diffused 
1.0 
2.0 
60° 
1301 
Tinted, Diffused 
2.0 
2.5 
60° 
High 


1302 
Tinted, Diffused 
3.0 
4.0 
10 
60° 
626 
Efficiency 


1320 
Untinted, Non-Diffused 
6.0 
12.0 
45° 
Red 
1321 
Tinted, Non-Diffused 
6.0 
12.0 
45° 


1400 
Tinted. Diffused 
1.0 
2.0 
60° 
1401 
Tinted. Diffused 
2.0 
3.0 
60° 


1402 
Tinted, Diffused 
3.0 
4.0 
10 
60° 
585 
Yellow 


1420 
Untinted, Non-Diffused 
6.0 
12.0 
45° 
1421 
Tinted, Non-Diffused 
6.0 
12.0 
45° 
1503 
Tinted, Diffused 
1.0 
2.0 
10 
60° 
5.0 
20 


1523 
Tinted. Diffused 
2.6 
4.0 
10 
569 
60° 
10.0 
20 
Green 
1520 
Untinted, Non-Diffused 
4.2 
5.0 
10 
45° 
571 
12.0 
20 


1521 
Tinted, Non-Diffused 
4.2 
5.0 
10 
45° 
569 
12.0 
20 


NOTES: 
1. 01/2 is the off-axis angle at which the luminous intensity is half the axial intensity. 
. 


2. The dominant wavelength. Ad. is derived from the CIE chromaticity 
diagram and represents the single wavelength which defines 


the color of the device.. 


Parameter 
Red 
Yellow 
Green 
Units 


Peak Forward Current 
90 
60 
90 
mA 


Average Forward Current 
1 
25 
20 
25 
mA 


DC Currenti2, 
30 
20 
30 
mA 


Power Dissipalionl3j 
135 
85 
135 
mW 


Operating Temperature Range 
-40 to +100 


-55 to +100 
,..55to +100 
Co 
Storage Temperature Range 
-55 to +100 


Lead Soldering Temperature 
260° C for 5 seconds 
[1.6 mm (0.063 inJ from body] 
• 


• 
- . 
Absolute Maximum Ratings at TA 


NOTES: 
1. See Figure 5 to establish pulsed operating 
conditions. 
2. For 
Red and 
Green 
Series 
derate 
linearly 
from 
50° C at 
0.5 
mAIo C. For Yellow 
Series 
derate 
linearly 
from 
50° C 


at 0.2 mAIo C. 


3. For Red and Green series derate power linearly from 25° Cat 


1.8 mW/o C. For Yellow 
series derate 
power 
linearly 
from 
50° C at 1.6 mW/o C. 


Electrical/Optical Characteristics at TA=25°C 


HLMP-1300, -1301 
HLMP-1400, ·1401 
HLMP-1503, -1523 
-1302,-1320,-1321 
-1402,-1420,-1421 
-1520, -1521 


Symbol 
Description 
MIn. 
Typ. 
Max. 
MIn. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Apeak 
Peak Wavelength 
635 
583 
565 
nm 
Measurement 
at Peak, Fig. 1 


TS 
Speed of Response 
90 
90 
500 
ns 


C 
Capacitance 
20 
15 
18 
pF 
VF=O;f=1 MHz 


ElJC 
Thermal Resistance 
95 
95 
95 
°CIW 
Junction 
to 
Cathode lead 
at 0.79mm 
(0.031 inJ 
From Body 


VF 
Forward Voltage 
1.5 
2.2 
3.0 
1.5 
2.2 
3.0 
1.6 
2.3 
3.0 
V 
IF=10mA 
at IF = 20mA 
(Figs. 2.7.121 


BVR 
Reverse Breakdown 
Voltage 
5.0 
5.0 
5.0 
V 
IR=100pA 


T/v 
Luminous 
Efficacy 
147 
570 
630 
1mIW 
Note 1 


NOTES: 
1. Radiant intensity. Ie.in watts/steradian. may be found from the equation le=lv/ryv.where Ivis the luminous intensity in candelas and ryv 
is the luminous efficacy in lumens/watt. 
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Figure 2. Forward Current vs. Forward 
Figure 3. Relative Luminous Intensity 
Figure 4. 
Relative Efficiency 


Voltage Characteristics. 
vs. DC Forward Current. 
(Luminous Intensity \l8r 
Unit Current) vs.Peak 
LED Current. 
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Figure 7. Forward Current vs. 
Figurea. Relative Luminous Intensity 
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Figure 10. Maximum Tolerable Peak Current 
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Figure 12. Forward Current vs. 
Figure 13. 
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Luminous 
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Figure 
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Package Dimensions 


-- 


.•••• 3.181.1261 
2.67f,1051 
- 
_ 
~.43l.1351 
fi2m5l 


6.35 [2501 
4JO 1.1851 
'T 


t 
4:19 (.165) 
"-~ 
i 
JL 
t 
1.021.0401 
NOM. 


2..,310.961 
MIN. 


CATHODe' /'" 
""-11 


NOMINAL 


~(."Ol 
NOTES: 


2.291.0901 
1. ALL DIMENSIONS ARE IN MILLIMETRES 
(INCHES). 


''''s 


2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 


NOMINAl- 
(.040") DOWN THE LEADS. 
,'- 
--.L 
'--'t 
0.45 (.0181 
NOMINAL 


• 


This 
family 
of 
solid 
state 
lamps 
is especially 
suited 
for 
applications 
where 
small 
package 
size is required 
without 


sacrificing 
luminous 
intensity. 
The 
HLMP-1350 
is a red 


tinted, 
diffused 
lamp 
providing 
a wide viewing 
angle. 
The 


HLMP-1450 
and HLMP-1550 
are similar 
products 
in yellow 
and green 
respectively. 


Axial Luminous Intensity and viewing Angle @ 25°C 


Fli;' 
HEWLETT 
~~ 
PACKARD 


• 
LOW PROFILE 
HEIGHT 


• 
SMALL 
T-1 SIZE DIAMETER 
3.18 mm (.125 inch) 


• 
HIGH 
INTENSITY 


• 
IC COMPATIBLE 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
High Efficiency 
Red 
Yellow 
High Performance 
Green 


High Efficiency Red 
Yellow 
High performance 
Green 


HLMP-13S0 
HLMP-14S0 
HLMP-15S0 


J 


5.33i0211 
il 
2413(0951 
L 


5 


1.18P§! 


26711(5) 


" 
. 330t 
1301MAX 


37311--411 


I 
3.iJP271 


NOTES 
,. 
All 
OIMENSIONSAAE 
IN 
MllLIMETRES 
iINCHESI. 


2. AN EPOXY MENISCUS MAY 
EXTEND 
ABOUT 
lmm 
L04O'" 
DOWN THE LEADS, 


---7 
-~;:~ 
~~:e~~~~ 
·r 
,- 
--.l 


CATHODE 
,,__--,- 
(USI01S) 


NOMINAL 


Part 
Iv (mcd) 
Test 
2H1/2 
Ad 
Number 
Description 
Condition 
(Typ.) 
(nm-Typ.) 
Color 


HLMP- 
Min. 
Typ. 
mA 
[1] 
[2] 


1350 
Tinted, Wide Angle 
1.0 
2.0 
10 
55" 
626 
High Efficiency 
Red 


1450 
Tinted, Wide Angle 
1.0 
2.0 
10 
55" 
585 
Yellow 


1550 
Tinted, Wide Angle 
1.0 
2.0 
10 
55" 
569 
Green 
5.0 
20 


NOTES: 
1. 01/2 is the off-axis angle at which the luminous intensity is half the axial intensity. 
2. The dominant wavelength, Ad, is derived from the CIE chromaticity 
diagram and represents the single wavelength which defines 


the color of the device. 


For Maximum Ratings and Electrical/Optical 
Character- 
istics (including figures) see HLMP-1300/-1400/-1500 data 
sheet, publication 
number 5953-7735, except for Figure A 
shown here. 


Fli-';' 
HEWLETT 
a:~ 
PACKARD 


• WIDE VIEWING ANGLE 


• SMALL SIZE T-1 DIAMETER 3.18mm (0.125") 


• IC COMPATIBLE 


• RELIABLE AND RUGGED 


The HLMP-l000 is a series of Gallium Arsenide Phosphide 
Light 
Emitting 
Diodes designed for applications 
where 
space is at a premium, such as in high density arrays. 


The HLMP-l000 series is available in three lens configura- 
tions. 


HLMP-l000 - 
Red Diffused lens provides excellent on-off 
contrast ratio, high axial luminous intensity, and wide view- 
ing angle. 


HLMP-l080- 
Sameas HLMP-l000, but untinted diffused to 
mask red color in the "off" condition. 


HLMP-l071/-1201 - Untinted non-diffused plastic lens pro- 
vides a point source. Useful when illuminating external lens, 
annunciators, or photo-detectors. 


Part 
Iv (mcd) 
Number 
@20mA 
VieWing 
HLMP- 
Package & 
Angle 
Lens Type 
Min. 
Typ. 
2e 1/2 


-1000 
A-Tinted 
.5 
1.0 
1250 


Diffused 


-1002 
A-Tinted 
1.5 
2.5 
125· 
Diffused 


-1080 
A-Untinted 
.5 
1.5 
1250 
Diffused 


-1071 
A-Untinted 
1.0 
2.0 
800 
Non-Diffused 


-1200 
B-Untinted 
.5 
1.0 
120· 
Non-Diffused 


-1201 
B-Untinted 
1.5 
2.5 
120· 
Non-Diffused 


T-1 (3mm) 
RED SOUD STATE LAMPS • 


' 
- . 


HLMP-1000 
Series 
HLMP-1200 
Series 


6.35\.250)~f 
"I 


,.•71.0s0I-.:r-T 
L 


--I 
'.5410.100)NOMINAL 


o. 


45I:e 
o 
,.,I 
NOMINAL,'- --*- 


CATHODE 
~ ..• _/ 
~ 


0.45 (018) 
NOMINAL 
.~J 
'''F 


24.13 
fO.95J 
L 
r-+-I 


1.27 f,0501 
I 
I 
I 
I 
-i i-~~:~ 


0'45~.G181 r- 
NOMINAL 
-i 


CATHOO£ 
,__---r 
0.46 1.018) 
NOMINAL 


NOTES: 
1. ALL OIMENSIONS 
ARE IN MILLIMETRES 
(INCHES). 


2 
AN EPOXY 
MENISCUS 
MAY 
EXTEND 
ABOUT 
lmm 
(.040") DOWN THE lEADS, 


Maximum Ratings at TA= 25°C 


DC Power Dissipation 
l00mW 


DC Forward 
Current 
50mA 
(Derate linearly from 50°C at O.2mAfC) 


Peak Forward 
Current 
. . . . . . . . . . .. 
1 Amp 
(1 !'sec pulse width, 300 pps) 
Operating 
and Storage 
Temperature 
Range 
-55°C 
to +100oC 


lead 
Soldering 
Temperature 
260°C for 5 sec. 


Electrical Characteristics at TA= 25°C 


Symbol 


).PEAK 


Parameters 


Wavelength 


Speed of Response 


Capacitance 


TS 
--C--- 


8JC 


VF 


VSR 


Forward 
Voltage 


Reverse Breakdown 
Voltage 
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Fig.ure 1. Forward Current v•. 


Voltage Characteristic. 


Max. 
Units 


nm 


ns 


pF 


°C/w 


V 


2.50 


> 


2.25. 


" 
2.00I 


1.75 


~ 150 
~ 1.25 
~ 1.00 


> 
.75 


"g 


.50 
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Figure 2. Luminous Intensity vs. 


Forward Current (IF). 


VF = 0, f = 1 MHz 


Junction 
to Cathode 
Lead 


IF = 20m A---- 
...._- 


IR=l00IlA 


Figure 3. Typical Relative Luminous 


Intensity vs. Angular 
Displacement. 


Fhritl HEWLETT 
~~ 
PACKARD 
HIGH EFFICIENCYRED 
YEllOW 
HIGH PERFORMANCE GREEN 


HlMP-0300/0301 
HlMP-040010401 
HlMP-OS03/0S04 


• RECTANGULAR 
LIGHT 
EMITTING 
SURFACE 


• 
FLAT 
HIGH 
STERANCE 
EMITTING 
SURFACE 


• 
STACKABLE 
ON 2.54 MM (0.100 INCH) 
CENTERS 


• 
IDEAL 
AS FLUSH 
MOUNTED 
PANEL 
INDICATORS 


• 
IDEAL 
FOR BACKLIGHTING 
LEGENDS 


• 
LONG 
LIFE: SOLID 
STATE 
RELIABILITY 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
HIGH 
EFFICIENCY 
RED 
YELLOW 
HIGH PERFORMANCE 
GREEN 


• 
IC COMPATIBLE/LOW 
CURRENT 
REQUIREMENTS 


Description 


The 
HLMP-030X, -040X, -050X 
are solid 
state lamps 


encapsulated in an axial lead rectangular epoxy package. 
They utilize a tinted, diffused epoxy to provide high on-off 
contrast and a flat high intensity emitting surface. Border- 
less package design allows creation of uninterrupted light 
emitting areas. 


The HLMP-0300 and -0301 have a high efficiency 
red 


GaAsP on GaP LED chip in a light red epoxy package. This 
l r 


2.54 (.100' 
2.29 (.090' 


q 


t 


7.49 (.2951 
6.99ln5i 


I-~:~::::l 
I_I 
wlo, 
'I' 


I 


1.27 
(.0501 
-25.40 
(1.00' 
MIN.__ 
TOP VIEW 
(LIGHT 
EMITTING 
SURFACE) 


NOTES: 
1. 
ALL DIMENSIONS ARE IN 
MllLlMETRES 
(INCHES). 
2. 
AN EPOXY MENISCUS MAY EXTEND 
ABOUT 
lmm 
{.040'" 
DOWN THE 


lEADS. 


_ 
0.38 
(.01S) 
NOMINAL 


BOTTOM 
VIEW 


lamp's efficiency is comparable to that of the GaP red, but 
extends to higher current levels. 


The HLMP-0400 and -0401 provide a yellow GaAsP on GaP 
LED chip in a yellow epoxy package. 


The HLMP-0503and -0504 provide a green GaP LED chip in 
a green epoxy package. 


Iv (mcd)@ 


Part 
20 mA DC 
Color 
Number 
Min. 
Typ. 


High 
HLMP-Q300 
1.0 
2.5 
EffIciency 


Red 
HLMP-Q301 
2.5 
5.0 


HLMP-Q400 
1.5 
2.5 
Yellow 
HLMP-0401 
3.0 
5.0 


High 
HLMP-Q503 
1.5 
25 


Performance 


Green 
HLMP-Q504 
3.0 
5.0 


• 


" 
- . 


Absolute 
Maximum 
Ratings at TA 


Parameter 
HLMP·0300/·0301 
HLMP-0400/·0401 
HLMP·0503/·0504 
Units 


Peak Forward Current 
90 
60 
90 
mA 


Average Forward Current' 
25 
20 
25 
mA 


DC Currentl21 
30 
20 
30 
mA 


Power Dissipation 3 
135 
85 
135 
mW 


Operating Temperature Range 
-40 to +100 


-55 to +100 
-55 to +100 
Co 


Storage Temperature Range 
-55 to +100 


Lead Soldering Temperature 
260°C for 5 seconds 
11.6mm (0.063 in.l from body j 


NOTES: 
, 
See Figure 5 to establish pulsed operating conditions. 


2. For 
Red and 
Green 
Senes derate 
linearly 
from 
500 C at 
0.5 
mAIo C. For Yellow 
Series derate 
linearly 
from 
50° C 
at 0.2 mAIo C. 


3. For Red and Green senes derate power linearly from 250 Cat 


1.8 mW/oC. For Yellow 
series derate 
power 
linearly 
from 
500 C at 1.6 mW/o C. 


Electrical/Optical 
Characteristics 
at TA=25°C 


Symbol 
Description 
HLMP·0300/0301 HLMp·0400/0401 HLMP-OS03/0504 Units 
Test Conditions 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 


261, 
Included Angle 
100 
100 
100 
deg. 
Note 1. Figure 6. 


Between Half 
Luminous 
Intensity 
Points, Both Axes 


APEAK 
Peak Wavelength 
635 
583 
565 
nm 
Measurement at 
Peak 


Ad 
Dominant Wavelength 
626 
585 
569 
nm 
Note 2 


TS 
Speed of Response 
90 
90 
500 
ns 


C 
Capacitance 
17 
17 
18 
pF 
VF=O;f=1 MHz 


('he 
Thermal Resistance 
140 
140 
140 
°C/W 
Junction 
to Cathode 
Lead at 1.6 mm 
(0.063 In.) from 
Body 


VF 
Forward Voltage 
1.6 
2.1 
3.0 
1.6 
2.2 
3.0 
1.6 
2.3 
3.0 
V 
IF= 20mA 
Figure 2. 


VBR 
Reverse Breakdown 
5.0 
5.0 
5.0 
V 
IR = 100 IlA 
Voltage 


11, 
Luminous 
Efficacy 
147 
570 
630 
Im/W 
Note 3 


NOTES: 
1. 0, ,is 
the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


2. The dominant wavelength, Ad. is derived from the CIE chromaticity 
diagram and represents the single wavelength which defines the 


color of the device. 
3. Radiant intensity. I" in watts/steradian, 
may be found from the equation 
1,=lv/1)v. 
where Iv is the luminous intensity in candelas and 


1)V is the luminous efficacy in lumens/watt. 
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SUBMINIATURE 
SOLID STATE LAMPS 


RED. 
HLMP-6000/6001 


HIGH EFFICIENCY RED • 
HLMP-6300 
YELLOW • 
HLMp·6400 
HIGH PERFORMANCE GREEN • 
HLMP-6500 


Flidl 
HEWLETT 
~~ 
PACKARD 


• SUBMINIATURE 
PACKAGE STYLE 


• END STACKABLE 


• LOW PACKAGE PROFILE 


• RADIAL LEADS 


• WIDE VIEWING ANGLE 


• LONG LIFE - 
SOLID STATE 
RELIABILITY 


Description 


The 6xxx are solid 
state lamps encapsulated 
in a radial lead 
subminiature 
package 
of 
molded 
epoxy. 
They 
utilize 
a 
tinted, 
diffused 
lens providing 
high on-off 
contrast 
and wide 


angle 
viewing. 


The 6000/6001 
utilizes 
a GaAsP 
LED 
chip 
in a deep 
red 


molded 
package. 


The 6300 has a high-efficiency 
red GaAsP on GaP LED chip 
in a light 
red molded 
package. 


The 6400 provides 
a yellow 
GaAsP 
on GaP LED chip 
in a 


yellow 
molded 
package. 


The 6500 provides 
a green GaP LED chip in a green molded 
package. 


Special 
lead 
bending 
is 
available 
on 
2.54mm 
(.100 
in) 


and 5.08mm 
(.200 in) centers. 


i 


".4(.451MIN.-! 


BOTH SIDES l 
~~ 
.56 (.022) 


-.Lc=J 
T 
ANODE 


NOTES: 
1. ALL 
DIMENSIONS 
ARE IN MllLiMETRES 
(INCHES). 


2. OPTIONAL 
LEAD FORM AVAilABLE. 


Tape-and-reel 
mounting 
is available 
on request. 


Tape and Reel Order Chart 


Std. Product 
HLMP- 


Tape & Reel PIN 


~ 


dH~ 


~~R 
+\l 


292 (1151 
= 
jX 


~ 
2.08 
(.0821 ~ 
2.34 (.092) 


'-~";;;"""~:"-"".."":",,,,,. 
.:...~.."",.".?, 
-."",,,,,-,,..,,,~; 
.'-",,.,.'" 
"""---. 


..... _,.,.,.... 
"!,:,,,~_.,••• 
.. 
."''" 
,•.•.._- .•.•.' 
~.,.....- 


POwer 
Dissipation 
100 
120 
120 
120 
rnW 


DC Forward 
Current 
50PI 
3012 
20,11 
3Ol21 
rnA 


Peak 
Forward 
Current 
1000 
60 
60 
60 
rnA 


See Fig.5 
See Fig. 10 
See Fig. 
15 
See Fig. 20 


Operating 
Temperature 
Range 
~40to+100 
-55 to +100 
.,,55 to +100 
755 to +100 
C? 
Storage 
Tempera\ureRange 
755 to +100 


Lead 
Soldering 
Temperature 
260° C fOr 3 seconds 
rnm (0,063 
inJ from 
bodYl 


NOTES: 
1. Derate from 
50° Cat 
0.2mA/oC 
2. Derate from 
50°C 
at 0.5 mA/oC 


Electrical/Optical 
Characteristics at TA=25°C 


HLMP·600011 
HLMP-6300 
HLMP·6400 
HLMP-6500 
SymbOl 
Description 
Units 
Test COl\dIllons 
Min. 
Typ. 
Ma•. 
Min. 
Typ. 
Ma•• 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Mil•• 


IF"10mA • 


fv 
Axial 
LUminous 
-/0.5 
1.2 
1.0 
3.0 
1.0 
3.0 
1.0 
3.0 
mcd 
. ·Figs.3,8.\3.18 
Intensity 


2i?r" 
Included ,Angle 
45 
80 
90 
70 
de9· 
Notel. 
Figures 
Between Hall 
8,11.18.21 
Luminous 
Jntensity 
points 


MEAR 
Peak Wavelength 
655 
635 
583 
565 
nm 
Measurement 
at Peak 


····Ad 
D"minant Wavelength 
640 
629 
585 
569 
nm 
Note 2 


TS 
Speed of Response 
15 
90 
90 
500 
OS 


C 
Capacitance 
100 
11 
15 
18 
pF 
V,"'O:if=1 MHz 


eJb 
Thermal Resistance 
125 
120 
100 
100 
°CIW 
Junction to 
Cathode Lead at 
M9mm 
(,031 In} 


from BOdy 


VF 
Forward Voltage 
1.4 
1.6 
2.0 
15 
2.2 
3.0 
1.5 
2.2 
3.0 
15 
23 
3.0 
V 
1.=10mA. 
Figures 2. 7. 
12,17 


Vail 
Reverse Breakdown 
3.0 
10 
5.0 
15 
5.0 
15 
5.0 
20 
~1001l1' 
Voltage 
f 


'lv 
Luminous Efficacy 
65 
147 
570 
630 
imlWl 
Note3 


NOTES: 
1. 01 2 is the off-axis 
angle at which 
the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant 
wavelength, 
Ad, is derived 
from the CIE chromaticity 
diagram 
and represents 
the single 
wavelength 
which 
defines 
the color 
of the device. 
3. Radiant 
intensity, 
Ie, in watts/steradian, 
may be found 
from the equation 
le=lv/1]v, 
where 
II' is the luminous 
intensity 
in candelas 
and 
1]v is the luminous 
efficacy 
in -lumens/watt. 


1.0 
/ 
\'U'o/ 


tGaA<PREO 


I REO 
TA'*"2!tC 


GREEN" 
YELLOW 


0.5 
\ 
\\ 
j ) \Y- 
~ 
a 
500 
550 
600 
650 
700 
750 


WAVELENGTH 
- 
nm 


Figure 
1. Relative 
Intensity 
vs. Wavelength. 
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Figure 2. Forward Current 
vs. 


Forward Voltage. 
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Figure 5. Maximum 
Tolerable 
Peak Cur- 


rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 


'JO 
ll- 


'20J tt 
r+ 


1.10 
I 
[ I 


/ 
I 


1.00 
I 
I 
i 


0 
0 
20 
'" 
•• 
80 
100 


Figure 4. Relative Efficiency 
(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 
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Figure 7. Forward Current vs. Forward 
Voltage Characteristics 


Figure 10. Maximum 
Tolerable 
Peak Cur- 


rent vs. Pulse Duration. 
(IDC MAX 


as per MAX Ratings) 
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Figure 11. 
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Figure 9. Relative Efficiency 
(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 


1.01 


8 1\'\. 


\ 


• 
L I 
" 


.4 I! 
''''''l.I 
, 
.J::". 


'LI 
#~- 
~- 
~~ 


-Y- 
/:/, 


10 
/ 
I 


'A 
00 


/ 
Z 
50.., 


U 
~ 
~ 


Figure 12. Forward Current vs. Forward 
Voltage Characteristics 
Figure 13. Relative Luminous 
Intensity 
vs. Forward Current. 


Figure 14. Relative Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 
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Figure 16. Relative Luminous Intensity vs.AngularDlsplacement. 
Figure 15. Maximum 
Tolerable 
Peak Cur- 
rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 
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Figure 17. Forward 
Current vs. 


Forward Voltage. 


Figure 18. Relative Luminous 
Intensity 
vs. DC Forward Current 
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Figure 20. Maximum 
Tolerable 
Peak Cur- 


rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 
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Figure 
19. Relatlave 
Efficiency 
(luminous 
Intensity 
per 
Unit 
Current) 
vs. Peak LED Current 
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F/£OW HEWLETT 
~~ 
PACKARD 


MA TCHED ARRAYS OF 
SUBMINIATURE LAMPS 


• 
IMPROVED 
BRIGHTNESS 


• 
AVAILABLE 
IN 4 BRIGHT 
COLORS 
Red 
High 
Efficiency 
Red 
Yellow 
High 
Performance 
Green 


• 
EXCELLENT 
UNIFORMITY 
BETWEEN 
ELEMENTS 


• 
END 
STACKABLE 
FOR LONGER 
ARRAYS 


• 
SELECTION 
OF VARIOUS 
LENGTHS 


• 
COMPACT 
SUBMINIATURE 
PACKAGE 
STYLE 


• 
NO CROSSTALK 
BETWEEN 
ELEMENTS 


The 
HLMP-6XXX 
Series 
Arrays 
are comprised 
of several 
subminiature 
lamps 
molded 
as a single 
bar. Arrays 
are 


tested 
to assure 
2.1 to 1 matching 
between 
elements 
and 
intensity 
binned 
for matching 
between 
arrays. 


The 
HLMP-620X 
Series 
Arrays 
are 
Gallium 
Arsenide 


Phosphide 
red 
light 
emitting 
diodes. 
The 
HLMP-665X, 


HLMP-675X 
series arrays are Gallium 
Arsenide 
Phosphide 
on Gallium 
Phosphide 
red and yellow 
light emitting 
diodes. 


The HLMP-685X 
series arrays are Gallium 
Phosphide 
green 
light emitting 
diodes. 


Each 
element 
has 
separately 
accessible 
leads 
and 
a 
diffused 
lens which 
provides 
a wide 
viewing 
angle 
and a 
high 
on/off 
contrast 
ratio. The center-to-center 
spacing 
is 
2.54 mm (.100 in.) between 
elements. 
Special 
lead bending 
is 
available 
on 
2.54 
mm 
(.100 
in.) 
and 
5.08 
mm 


(.200 in.) centers. 


High 
High 
Array 
Efficiency 
Performance 
Length 
Red 
Red 
Yellow 
Green 


3-Element 
HLMP- 
6203 
6653 
6753 
6853 
4-Element 
HLMP- 
6204 
6654 
6754 
6854 


5-Element 
HLMP- 
6205 
6655 
6755 
6855 


6-Element 
HLMP- 
6206 
6656 
6756 
6856 


8-Element 
HLMP- 
6208 
6658 
6758 
6858 


RED 
HIGH EFFICIENCY 
RED 
YELLOW 
GREEN 


HLMP-6200 
SERIES 
HLMP-6650 
SERIES 
HLMP-6750 
SERIES 
HLMP-6850 
SERIES 


• 
INDUSTRIAL 
CONTROLS 


• 
POSITION 
INDICATORS 


• 
OFFICE 
EQUIPMENT 


• 
INSTRUMENTATION 
LOGIC 
INDICATORS 


• 
CONSUMER 
PRODUCTS 


Axial luminous Intensity and 
viewing Angle at 25°C 


IV per Element 
(mod) 


@10mADC 
2("112 
Number of 
Part Number 
Elements 
Color 
Min. 
Typ. 
Note 1. 


HLMP-620X 
X'" 
3,4, 
Red 
.5 
1.2 
45° 
5.6,8 


HLMP-665X 
X'" 
3,4 
High 
10 
30 
80· 
5,6,8 
Efficiency 


Red 


HLMP-675X 
X'" 
3,4 
Yellow 
10 
3.0 
90° 
5,6,8 


HLMP-685X 
X'" 
3,4 
Green 
1.0 
30 
70· 
5,6,8 


NOTE: 


1. (-)1/2 is the off-axis angle at which the Luminous 
Intensity 
is half the axial luminous 
intensity. 


Absolute 
Maximum 
Ratings at TA = 25°C 


Parameter 


Peak Forward Current 


OCCurrent 


Power Dissipation 


Operating Temperature 
Range 


Storage Temperature 
Range 


Lead Soldering Temperature 
1.6 mm(<o.063 in) from body] 


NOTES: 
1. Derate from 50' C at 0.2 mAl' C. 


High 
ElIlclency 
Red 
Red 
Yellow 
Green 
Units 


1000 
60 
60 
60 
mA 


50PI 
30121 
20PI 
30121 
mA 


100 
120 
120 
120 
mW 


-40 to +100 
--55 to +100 
-55 to +100 
--55 to +100 
Co 
-55 to +100 
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Electrical/Optical 
Characteristics at TA=25°C 


HlMP-62XX 


Min. 
Typ. 
Max. 


655 


HlMp·675X 


Min. 
Typ. 
Max. 


583 
Measurement 
at Pea~ 


Note 1. 


HlMP·685X 


Min. 
Typ. 
Max. 


565 


HLMP·665X 


Min. 
Typ. 
Max. 


635 


V.=O; f=1 MHz 


Junction 
to 
Cathode Lead at 
0.79mm 
(.031 in) 


from Body 


1,.=10mA. 
Figures 2. 7, 
12, 17 


Dominant Wavelength 


Speed of Response 


Capacitance 


Thermaf Resistance 


nm 


ns 


pF 


'CIW 


BVR 
Reverse 
Breakdown 
3.0 
10 
Voltage 


1}\' 
LumInous 
Efficacy 
55 


NOTES: 
1. The dominant 
wavelength, 
A.d, is derived from the CIE chromaticity 
diagram 
and represents 
the single wavelength 
which defines the color of the device. 


2. Radiant 
intensity, 
Ie. in watts/steradian, 
may be found from the equation 
le=lv/1]v, 
where 
Iv is the luminous 
intensity 
in candelas and 
TJv is the luminous 


efficacy 
in lumens/watt. 
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Notes: 
1. All dimensions are in millimetres 
(inches). 


2. Optional 
lead form available. 
3. Overall length is the number of elements times 
2.54mm 
(.100 in.L 
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Figure 2. Forward Current 
vs. 
Forward Voltage. 
Figure 4. Relative Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 
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Figure 6. Relative Luminous 
Intensity vs. Angular Displacement. 
Figure 5. Maximum 
Tolerable 
Peak Cur- 
rent vs. Pulse Duration. 
(lDC MAX 
as per MAX Ratings) 
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Figure 7. Forward Current 
vs. 


Forward Voltage. 


Figure 9. Relative Efficiency 
(Luminous 
Intensity 
per Unit 
Current) 
vs. Peak Current. 
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Figure 10. Maximum 
Tolerable 
Peak Cur- 
rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 
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Figure 12. Forward Current vs. 


Forward Voltage. 


Figure 14. Relative Elliciency 
(luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 
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Figure 15. Maximum Tolerable 
Peak Cur- 
rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 
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Figure 17. Forward Current vs. 
Forward Voltage. 


Figure 19. Relative Efficiency 
(luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 
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Figure 20. Maximum Tolerable 
Peak Cur- 
rent vs. Pulse Duration. 
(IDC MAX 
as per MAX Ratings) 


Fliffl HEWLETT 
~~ 
PACKARD 


The 
HLMP-0103 
is a black 
plastic 
mounting 
clip 


and retaining 
ring. 
It is designed to panel mount 


Hewlett 
Packard 
Solid 
State high 
profile 
T - 1% 


size lamps. 
This clip 
and ring combination 
is in- 


tended 
for 
installation 
in instrument 
panels from 


1.52mm 
(.060") 
to 
3.18mm 
(.125") 
thick. 
For 


panels greater than 3.18mm 
(.125"), 
counterboring 


is required 
to the 3.18mm 
(.125") 
thickness. 


1. Drill 
an ASA 
C size 6.15mm 
(.242") 
dia. 


hole 
in 
the 
panel. 
Deburr 
but 
do 
not 


chamfer the edges of the hole. 


2. Press the 
panel 
clip 
into 
the 
hole 
from 


the front 
of the panel. 


3. Press the 
LED 
into 
the 
clip 
from 
the 


back. 
Use blunt 
long nose pliers to push 


on 
the 
LED. 
Do not 
use force 
on the 


LED 
leads. 
A tool 
such as a nut driver 


may be used to press on the clip. 


4. Slip a plastic 
retaining 
ring onto the back 


of the clip and press tight 
using tools such 


as two 
nut drivers. 


Note: 
Clip and retaining 
ring are also available 
for T-1 


package, 
from 
a non-HP 
source. 
Please contact 
your 
Hewlett·Packard 
sales representative 
for information. 


CLIP AND RETAINING 


RING FOR PANEL 


MOUNTED T1 3/4 LEOs 


HLMP-0103 


I! 
IIj, 


I. I--•. 
73f.265) DIA. --1, 
I 


9.53(.375)DIA.-- 


II 
1J 


Fli;' 
HEWLETT 
~e. PACKARD 
T-1 3/4 LED LAMP 
RIGHT ANGLE HOUSING 


Features 


• 
FITS ANY HP HIGH 
DOME 
T-1 3/4 LED LAMP 


• 
SNAP-IN 
FIT MAKES 
MOUNTING 
SIMPLE 


• 
HIGH 
CONTRAST 
BLACK 
PLASTIC 


The HLMP-5029 is a black plastic right angle housing 
which mates with any Hewlett-Packard High Dome T-1 3/4 
lamp. The lamp snaps into place. The material is fully 
compatible 
with 
environmental 
specifications 
of all 


Hewlett-Packard T-1 3/4 lamps. 


6.22 ~.~~ 


1(024<~::;) 
1 


1E!9 


622 +0.051 
.. 
-0.08 
+0.002 
---- 
{'L 
I 
.45/ 


4$711- 


10.1801 


3.73 
0.84 


10.,4711 
10.0331 
---9- 
--, 
2.54 


(0.1001 


+ 
~s 


ALL TOLERANCES ,0.254 
(,0.010) 
UNLESS OTHERWISE 
SPECIFIED. 
DIMENSIONS IN MILLIMETRES AND IINCHESI. 


• 


' 
- - 


FliU- HEWLETT 
~~ 
PACKARD 


JAN QUALIFIED 
1N5765 
1N6093 
JAN1N5765 
JAN1N6093 
HERMETIC 
JANTX1 N5765 
JANTX1N6093 
SOLID STATE 
1N6092 
1N6094 
lAMPS* 
JAN1N6092 
JAN1N6094 
JANTX1N6092 
JANTX1N6094 


Features 


• 
MILITARY 
QUALIFICATION 


• 
CHOICE 
OF 4 COLORS 
Red 
High Efficiency Red 
Yellow 
Green 


• 
DESIGNED 
FOR HIGH-RELIABILITY 
APPLICATIONS 


• 
HERMETICALLY 
SEALED 


• 
WIDE VIEWING 
ANGLE 


• 
LOW POWER 
OPERATION 


• 
IC COMPATIBLE 


• 
LONG 
LIFE 


• PANEL 
MOUNT 
OPTION 
HAS WIRE 
WRAPPABLE 
LEADS 
AND AN 
ELECTRICALLY 
ISOLATED 
CASE 


The 
1N5765, 
1N6092, 
1N6093, 
and 
1N6094 
are hermeti- 
PANEL MOUNT AS LAMP ASSEMBLY 


cally 
sealed 
solid 
state 
lamps 
encapsulated 
in a TO-46 
plastic 
lens over glass 
window. 


package 
with 
a tinted 
diffused 
plastic 
lens over 
a glass 
window. 
These 
hermetic 
lamps 
provide 
good 
on-off 
The 1N6092 
has a high efficiency 
red GaAsP 
on GaP LED 
contrast, 
high axial luminous 
intensity 
and a wide viewing 
chip 
with 
a red diffused 
plastic 
lens over 
glass 
window. 


angle. 
This 
lamp's 
efficiency 
is comparable 
to that 
of a GaP red 


All 
of these 
devices 
are available 
in a panel 
mountable 
but extends 
to higher 
current 
levels. 


fixture. 
The 
semiconductor 
chips 
are 
packaged 
in 
a 
The 
1N6093 
provides 
a yellow 
GaAsP 
on GaP LED chip 


hermetically 
sealed 
TO-46 
package 
with 
a tinted 
diffused 
with 
a yellow 
diffused 
plastic 
lens over 
glass 
window. 


plastic 
lens 
over 
glass 
window. 
This 
TO-46 
package 
is 
The 
1N6094 
provides 
a green 
GaP LED chip 
with 
a green 


then 
encapsulated 
in a panel 
mountable 
fixture 
designed 
diffused 
plastic 
lens over 
glass 
window. 


for 
high 
reliability 
applications. 
The 
encapsulated 
LED 
Part 
marking 
includes: 
part 
number 
from 
matrix 
below. 


lamp 
assembly 
provides 
a high 
on-off 
contrast, 
a high 
CAOI designating 
code and YYWWX 
lot identification 
code 


axial 
luminous 
intensity 
and a wide 
viewing 
angle. 
including 
year, week and assembly 
plant if required. 
A max- 


The 1N5765 utilizes 
a GaAsP 
LED chip with a red diffused 
imum 
of 18 spaces can be accommodated. 


COLOR - 
PART NUMBER 
- 
lAMP 
AND PANEL MOUNT 
MATRIX 
Standard 
With JAN QualificaUonl'] 
JAN Plus TX Tesling[2] 


Product 


TABLE 
I HERMETIC 
T0-46 
PART 
NUMBER 
SYSTEM 


1N5765 
JAN1N5765 
JANTX1N5765 
1N6092 
JAN1N6092 
JANTX1N6092 


1N6093 
JAN1N6093 
JANTX1N6093 


lN6094 
JAN1N6094 
JANTX1N6094 


TABLE 
II PANEL 
MOUNTABLE 
PART 
NUMBER 
SYSTEM 
3 


HLMP-0904 
HLMP-0930 
-- 
, 
HLMP-0931 
t 
-- 
HLMP-0354 
HLMP-0380 ,Mi9500/519-o1 
J 
HLMP-0381 ,MI9500/519-021 


HLMP-0454 
HLMP-0460 .Mi9500/520-01 
HLMP-0481 
MI9500/520-o2 
HLMP-0554 
HLMP-0580 ·MI9500/521-01 
HLMP-0581.Mi9500/521-o2 


Stan<lard 
Red 


High 
Efficiency 
Red 
Yellow 
Green 


Standard 
Red 


High 
Elfic,ency 
Red 
Yellow 
Green 


NONE 


1519 
1520 
1521 


Notes: 
1. Parts are marked J1NXXXX or as indicated. 
equivalent Table I TO-46 part into the panel mount enclosure. 


2. Parts are marked JTX INXXXX or as indicated. 
The resulting part is then marked per Table II. 


3. Panel mountable 
packaging 
incorporates 
additional 
assembly of the 
4. JAN and JANTX parts only. 


·Panel mount versions 
of all of the above are available 
per the selection 
matrix on this page. 


JAN PART: Samples 
of each lot are subjected 
to Group 
A, B 
and C tests listed below. 
All tests are to the conditions 
and 
limits specified 
by the appropriate 
MIL-S-19500 
slash sheet 
for the device under test. A summary 
of the data gathered 
in 
Groups 
A, Band 
C lot acceptance 
testing 
is supplied 
with 
each shipment. 


MIL-STD-7S0 
Examination 
or Test 
Method 


GROUP 
A INSPECTION 


Subgroup 
1 
Visual and mechanical examination 
2071 


Subgroup 2 
Luminous intensity 
(0 ; 0°) 
- 
Luminous intensity 
(0; 
30°) 
- 
Reverse current 
4016 
Forward voltage 
4011 


Subgroup 3 
Capacitance 
4001 


GROUP 
B INSPECTION 


Subgroup 
1 
Physical dimensions 
2066 


Subgroup 2 
Solderability 
2026 
Thermal shock (temperature cycling) 
1051 
Thermal shock (glass strain) 
1056 
Hermetic seal 
1071 
Moisture resistance 
1021 
End points: Luminous intensity 
(0; 
0°) 
- 


Subgroup 3 
Shock 
2016 
Vibration, variable frequency 
2056 
Constant acceleration 
2006 
End points: (same as subgroup 
2) 


Subgroup 4 
Terminal strength 
2036 
End points: Hermetic seal 
1071 


SUbgroup 5 
Salt atmosphere 
(corrosion) 
1041 


Subgroup 6 
High-temperature 
life (nonoperating) 
1032 
End points: Luminous intensity 
(0; 
0°) 
- 


Subgroup 7 


Steady-state operation 
life 
1027 
End points: (same as subgroup 6) 


JANTX 
PART: 
Devices 
undergo 
100% screening 
tests 
as 


listed below to the conditions 
and limits specified 
by MIL-S- 
19500 slash sheet. The JANTX 
lot has also been sUbjected 


to Group 
A, Band 
C tests as for the JAN 
PART above. A 


summary 
of 
the 
data 
gathered 
in 
Groups 
A, 
Band 
C 


acceptance 
testing 
is supplied 
with each shipment. 


MIL-STD-7S0 


Examination 
or Test 
Method 


GROUP 
C INSPECTIC»l 


Subgroup 
1 
Thermal shock (temperature cycling) 
1051 
End points: (same as subgroup 2 of group B) 


Subgroup 2 
Resistance to solvents 
- 


Subgroup 3 
High-temperature 
life (nonoperating) 
1031 
End points: Luminous intensity 
(0; 
0°) 
- 


SUbgroup 4 
Steady-state operation 
life 
1026 


End points: (same as subgroup 
3) 


Subgroup 5 
Peak forward pulse current (transient) 
- 


End points: (same as subgroup 6 of group B) 


Subgroup 6 
Peak forward pulse current (operating) 
- 
End points: (same as subgroup 6 of group B) 


PROCESS 
AND POWER CONDITION 
("TX" types only) 


High temperature storage (nonoperating) 
- 
Thermal shock (temperature 
cycling) 
1051 
Constant acceleration 
2006 


Hermetic seal 
1071 
Luminous intensity 
(0 ; 0°) 
- 
Forward voltage 
4011 
Reverse current 
4016 


Burn-in (Forward bias) 
- 
End points (within 72 hours of burn-in): 


.1 Luminous intensity (0 ; 0°) 
- 


.1 Forward voltage 
4011 


• 


Absolute Maximum Ratings at TA=25°C 


Parameter 
Red 
High Eft. Red 
Yellow 
Green 
UnIts 
HLMP-0904 
HLMP-0354 
HLMP-0454 
HLMP-0554 


Power 
Dissipation 
(derate 
linearly 
from 
sooC 
at 
100 
120 
120 
120 
mW 
1.6mWfOC) 


DC 
Forward 
Current 
50[11 
3512J 
35[2J 
35[2J 
mA 


Peak 
Forward 
Current 
1000 
60 
60 
60 
mA 
See 
Fig. 
5 
See 
Fig. 
10 
See 
Fig. 
15 
See 
Fig. 
20 


Operating 
and 
Storage 
-65°C 
to 
100°C 
Temperature 
Range 


Lead 
Soldering 
Temperature 
260° 
C for 
7 seconds. 
[1.6mm 
(0.063 
in.) 
from 
body] 


Notes: 
1. Derate 
from 
50° C at 0.2mAlo 
C 
2. 
Derate 
from 
50°C 
at 0.5mA/OC 


Electrical/Optical 
Characteristics at TA=25°C 


HLMP-0904 
HLMP-0354 
HLMP-0454 
HLMP·0554 
Ta.1 Condition. 
Symbol 
OalCrlptlon 
Unl'" 
Min. 
Typ. 
Mn. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


08 I 
3 I 


IF - 20mA 
Iv. 
Axial luminous 
0.5 
10 
10 
5 
10 
5 
med 
Figs. 3,8,13,18 
Intensity 
At IF = 25mA 
8 = 0' 


Luminous 
IF = 20 mA 
IV2 
Intensity 
0.3 
0.5 
0.5 
0.4 
med 
8 = 30· 
at 8 = 300,5! 


28, , 
Included Angle 
60 
70 
70 
70 
deg 
11 Figures 
Between Half 
6, ", 
16, 21 
Lummous 
IntenSIty 
Points 


ApF.o\K 
Peak Wavelengthl5j 
630 
655 
700 
590 
635 
695 
550 
583 
660 
525 
565 
600 
nm 
Measurement 
at Peak 


Ad 
Dommant 
Wavelength 
640 
626 
585 
570 
nm 
121 


T~ 
Speed 01 Response 
10 
200 
200 
200 
ns 


C 
Capaeltaneej5! 
200 
300 
35 
100 
35 
100 
35 
100 
pF 
V,=O; 1=1 MHz 


~)K 
Thermal 
ResIstance"" 
425 
425 
425 
425 
·C/W 
131 


a,e 
Thermal 
Resistance· 
1t 
550 
550 
550 
550 
'CIW 
13! 


Vf 
Forward 
Voltage 
16 
20 
2.0 
30 
2.0 
3.0 
21 
30 
V 
IF =20mA 
Figures 
2, 7 


At If = 25mA 
12,17 


IR 
Reverse 
CurrentlS 
j 
1.0 
1.0 
1.0 
1.0 
~A 
VR = 3V 


BVR 
Reverse 
Breakdown 
4 
5 
5.0 
5.0 
50 
V 
I. = 100~A 
Voltage 
~, 
luminous 
Etftcacy 
56 
140 
455 
600 
ImlW 
141 


NOTES: 
1. 91/2 is the off-axis 
angle at which the luminous 
intensity 
is half the axial luminous 
intensity. 


2. The dominant 
wavelength, 
Ad, is derived from the CIE chromaticity 
diagram and represents the single wavelength 
which defines the color of the device. 
3. Junction 
to Cathode 
Lead with 3.18mm (0.125 inch) of leads e:1.posed between base of flange and heat sink. 


4. Radiant intensity, 
Ie, in watts/steradian, 
may be found from the equation 
Ie = ly/J1y. 
where Iy is the luminous 
intensity 
in candelas and 
J1y is the luminous 
efficacy 
in lumens/watt. 


5. Limits do not apply to non JAN parts. 
·Panel mount. 
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Figure 
1. 
Relative 
Intensity 
vs. Wavelength. 
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NOTES: 


1. ALL 
eXTE.RNAL 
METAl. 
SURFAces 
OF THE PACKAGE 
[:; 
.. 10.80;J 
-i ~ 
ARE SLACK 
ANOOIZED 
eXCEPT 
FOR THE AlOOINE 
... ·(.4~5) 
II 
I 
':~~~I~~:~~'::::t:~I~:~~~~:~~~~ 
L~;:S. 
~ 
~'53 
t.021} 
WASHER 
ANO 
ONE 
HEX·NUT 
IS INCLUDEO 
WITH 
EACH 
PANEL 
MOUNTABLE 
HERMETIC 
SOUO 
STATE 
LAMP, 


3. USE OF METRIC 
DRILL 
SIZE 8.20 MltLIMETRES 
OR 
+ 
- 


ENGLISH 
DRilL 
SIZE P ro.323 
INCH) 
IS RECOMMENDED 
FOR 
PRODUCING 
HOLE 
IN THE 
PANEL 
FOR 
PANEL 
MOUNTING. 


4. ALL DIMENSIONS 
ARE 
IN MIll.IMETRES 
(INCHES). 


6. PACKAGE 
WEIGHT 
INCLUDING 
LAMP 
AND 
PANEL MOUNT 
IS 1.2-1.8GRAMS.NVT 
ANn 
WASHER IS AN EXTRA 
.6-1.oGRAM. 


Q&!!~ 
1.141.045) 
--l 


t 


NOTES- 
1. ALL DIMENSIONS 
ARE IN MILLIMETRES 
{INCHES, 


2, GOtD-PLATED 
LEADS. 


3. PACKAGE 
WEIGHT 
OF LAMP 
ALONE 
1$ .25 - .35 GRAMS. 
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Figure 2. Forward Current vs. 
Forward Voltage. 
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Figure 4. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 


Figure 5. Maximum Tolerable Peak Current vs. Pulse Duration. 
(IDe 
MAX as per MAX 
Ratings) 
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Figure 10. 
Maximum Tolerable 
Peak Cur· 


rent vs. Pulse Duration. 
(lDC MAX 
as _ 
MAX Ratings) 
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Figure 9. Relative Efficiency 


(luminous 
Intensity per Unit 


Current) vs. Peak Current. 
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Figure 13. Relative luminous 
Intensity 
vs. Forward Current. 


Figure 12. Forward Current vs. 


Forward Voltage. 


3·°1, 


". ~ 


~\ 


\ 
"\ 


BO't-----! 


I 


Figure 15. 
Maximum Tolerable 
Peak Cur· 
rent vs. Pulse Duration. 
(lDC MAX 
as per MAX Ratings) 


Figure 14. Relative Efficiency 


(luminous 
Intensity per Unit 


Current) vs. Peak Current. 


Figure 
17. 
Forward 
Current 
vs. 


Forward 
Voltage. 


Figure 20. 
Maximum 
Tolerable 
Peak Cur- 


rent vs. Pulse Duration. 
(IDe 
MAX 
as per MAX 
Ratings) 
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Figure 
19. 
Relative 
Efficiency 


(Luminous 
Intensity 
per Unit 


Current) 
vs. Peak Current. 
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670nm 
HIGH RADIANT 
INTENSITY 
EMITTER 


Features 


• 
HIGH 
EFFICIENCY 


• 
NONSATURATING 
OUTPUT 


• 
NARROW 
BEAM ANGLE 


• 
VISIBLE 
FLUX AIDS ALIGNMENT 


• 
BANDWIDTH: 
DC TO 3 MHz 


• 
IC COMPATIBLE/LOW 
CURRENT 
REQUIREMENT 


~:- 
MIN. 


~JI 
IIr= 


~ 


-~i•.!...'401 
, 
" 
•.••r:m 
/ 
-~ 


CATHODE; 
r~ 
->j. 
NOM. 


The HEMT-3300 
is a visible, 
near-IR, source 
using a 
GaAsP 
on 
GaP 
LED 
chip 
optimized 
for 
maximum 


quantum 
efficiency 
at 670 nm. The emitter's 
beam is 


sufficiently 
narrow to minimize stray flux problems, yet 
broad enough to simplify optical alignment. This product 
is suitabie for use in consumer and industrial applications 
such 
as 
optical 
transducers 
and 
encoders, 
smoke 
detectors, assembly line monitors, small parts counters, 
paper tape readers and fiber optic drivers. 


NOTe$: 
1.AllOIMENSlQNSARE 
IN 
MfUIMETRES 
HNCtiESI. 


Z. SILVER·PLATEO 
LEAOS 


SEE APPlICATION 
BULLETIN 
3- 


3. CH"IPCENTER1NG WITHIN 
THE PACKAGE IS 
CONSISTENT 
WITH 


FOOTNOTE 
3, 


Electrical/Optical 
Characteristics 
at TA=25°C 


Symbol 
Description 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 


Ie 
Axial Radiant Intensity 
200 
500 
J.lW/sr 
IF = 10 mA 
3,4 


Ke 
Temperature Coefficient 
-0.009 
°C-I 
IF = 10 mA, Note 1 
of Intensity 


1?v 
Luminous Efficacy 
22 
ImlW 
Note 2 


2ey, 
Half Intensity Total Angle 
22 
deg. 
Note 3, IF = 10 mA 
6 


APEAK 
PeakWavelength 
670 
nm 
Measuredat Peak 
1 


t.APEAK/tlT 
Spectral Shift Temperature 
0.089 
nmfC 
Measuredat Peak, 


Coefficient 
Note 4 


tr 


Output RiseTime 
120 
IpEAK = 10 mA 
(10%- 
90%) 
ns 


ft 
Output Fall Time 
50 
IpEAK= 10 mA Pulse 
(90% -10%) 
ns 


Co 
Capacitance 
15 
pF 
VF = 0; f = 1 MHz 


BVR 
ReverseBreakdown Voltage 
5.0 
V 
IR = 100 J.LA 


VF 
Forward Voltage 
1.9 
2.5 
V 
IF = 10 mA 
2 


tlVF/tlT 
Temperature Coefficient 
-2.2 
mVfC 
IF = 100J.lA 
of VF 


6JC 
ThermaIRes istanee 
160 
°CIW 
Junction to cathode 
lead at seatingplane. 
Notes:1. Ie (T) ~ Ie (25 


0C)exp[Ke(T- 25°C)]2. Iv = 'Ivle whereIv isin candela,Iein watts/steradianand'Iv in lumen/watt. 


3. 
0% 
is the off-axis 
angle at which 
the radiant 
intensity 
is half the axial 
intensity. 
The deviation 
between 
the mechanical 
and optical 
axis is 
typically within a conicalhalf-angleof fivedegrees.4. APEAK(T) = APEAK(25°CI+ IAAPEAK/ATI(T - 25°C). 


1-70 


Power Dissipation 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
120 mW 
(derate 
linearly 
from 
50°C 
at 1.6 mW/°C) 
Average 
Forward 
Current 
30 mA 


(derate 
linearly 
from 
50°C 
at 0.4 mArC) 
Peak Forward 
Current 
See Figure 
5 
Operating 
and Storage 


Temperature 
Range 
-55°Cto 
+100°C 


Lead Soldering 
Temperature 
260° C for 5 sec. 
(1.6 mm 
[0.063 
inch] 
from 
body) 
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Figure 2. 
Forward 
Current 
versus Forward 
Voltage. 
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Figure 
5. 
Maximum 
Tolerable 
Peak Current 
versus Pulse 
Duration, 
(IDe 
MAX 
as per MAX 
Ratings) 
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• 
HIGH 
RADIANT 
INTENSITY 


• 
NARROW 
BEAM ANGLE 


• 
NONSATURATING 
OUTPUT 


• 
BANDWIDTH: 
DC TO 5 MHz 


• 
IC COMPATIBLE/LOW 
CURRENT 
REQUIREMENT 


• 
VISIBLE 
FLUX AIDS ALIGNMENT 


The HEMT-6000 
uses a GaAsP chip designed 
for optimum 
tradeoff 
between 
speed 
and 
quantum 
efficiency. 
This 
optimization 
allows 
a flat modulation 
bandwidth 
of 5 MHz 
without 
peaking, 
yet 
provides 
a 
radiant 
flux 
level 


comparable 
to that 
of 900nm 
IREDs. 
The 
subminiature 
package 
allows 
operation 
of 
multiple 
closely-spaced 
channels, 
while 
the 
narrow 
beam 
angle 
minimizes 
crosstalk. 
The 
nominal 
700nm 
wavelength 
can 
offer 
spectral 
performance 
advantages 
over 900nm 
IREDs, and 
is sUfficiently 
visible 
to aid optical 
alignment. 
Applications 
include 
paper-tape 
readers, 
punch-card 
readers, 
bar code 
scanners, 
optical 
encoders 
or 
transducers, 
interrupt 
modules, 
safety 
interlocks, 
tape loop stabilizers 
and fiber 
optic 
drivers. 


Maximum Ratings at TA= 25°C 


Power Dissipation 
.. . . . . . . . . . . . . . . . . . . . . . . . .. 
50 mW 
(derate 
linearly 
from 
70°C 
@ 1.0mWfOC) 


Average 
Forward 
Current 
20 mA 


(derate 
linearly 
from 
70°C 
@ O.4mA/oC) 


Peak Forward 
Current 
See Figure 5 


Operating 
and Storage 
Temperature 
Range 
.........•....... 
-55° to +100°C 


Lead Soldering 
Temperature 
260°Cfor5sec. 


[1.6 mm (0.063 in.) from 
body] 


700nm 
HIGH INTENSITY 
SUBMINIATURE 
EMITTER 
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NOTES 
1 All 
t1IMENSIONS 
ARE 
IN MfLLIMETRES 
lfNCHESt 


2. SU ..VER·PLATEO 
l£ADS, 
SU: APPLICATION 
BUlLETI1t 
3 
3. USUt MAYBfHO lEADS AS SfiOWN 
4 EPOXY ENCAPSULANT 
liAS A R£FRACTIVE 
INDEX Of" 1.53 
5. CHIP CENTERING 
WITHIN 
THE PACKAGE 
IS CONSJSTENT 
WITH FOOTNOTE: 
3. 
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Electrical/Optical 
Characteristics 
at TA=25°C 


Symbol 
Description 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 


'" 
Radiant 
Intensity 
along Mechanical 
100 
250 
jJ.W/sr 
IF = 10 mA 
3,4 


Axis 


Ke 
Temperature 
Coefficient 
of Intensity 
-0.005 
°C·1 
Note 1 


71v 
Luminous 
Efficacy 
2.5 
Im/W 
Note 2 


20% 
Optical Axis Half Intensity 
Total Angle 
16 
deg. 
Note 3, IF = 10 mA 
6 


APEAK 
Peak Wavelength 
(Range) 
690-715 
nm 
Measured 
@ Peak 
1 
t1Ap'~I 
Spectral 
Shift Temperature 
Coefficient 
.193 
nmtC 
Measured 
@ Peak, Note 4 


tr 
Output 
Rise Time (10%-90%) 
70 
ns 
IpEAK -10 
mA 


tf 
Output 
Fall Time (90%-10%) 
40 
ns 
IpEAK = 10 mA 


Co 
Capacitance 
65 
pF 
VF = 0; f = 1 MHz 


BVR 
Reverse Breakdown 
Voltage 
5 
12 
V 
IR = loo)J.A 


VF 
Forward 
Voltage 
1.5 
1.8 
V 
IF = 10mA 
2 


tNF/l!.T 
Temperature 
Coefficient 
of VF 
-2.1 
mVtC 
IF = loo)J.A 


eJC 
Thermal 
Resistance 
140 
°C/W 
Junction 
to cathode 
lead 
at 0.79 mm (.031 in) 
from body 


NOTES: 1. le(T) = I. (25"C) exp [K. (T· 2S0C)J. 
2 
Iy =TJy1e where 
Iv is in candela, 
Ie in watts/steradian, 
and '1v in lumen/watt. 
3. e~ is the off-axis angle at which the radiant intensity 
is half the intensity along the optical 
axis. The deviation between the 
mechanical and the optical axis is typically within a conical hatf-angle of three degrees. 
4. 
~ 
(T)~A 
(25"C) + (aA 
laT) (T-2S0C) 
PEAK 
PEAK 
PEAK 
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Figure 2. Forward Current versus 
Figure 3. Relative Radiant 
Intensity 
Figure 4. Relative Efficiency (Radiant 
Intensity 
Forward Voltage. 
versus Forward Current. 
per Unit Current) versus Peak Current. 
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Figure 5. Maximum Tolerable Peak Current versus Pulse 
Figure 6. Far,Field Radiation Pattern. 
Duration. (lDC MAXas p••. MAXRatings) 


• 


2. Light Barsand 
Bar Graph Arrays 


• 
LED Light Bars 


• 
LED Bicolor Light Bars - DIP 


• 
Panel and 
Legend 
Mounts for Light Bars 


• 
LED 10-Element 
Bar 


Graph 
Array 


• 
LED 101-Element 
Bar 


Graph 
Array 


Flin- HEWLETT 
~~ 
PACKARD 


Light Barsand Bar Graph Arrays 


LEDLight Bars are Hewlett- 
Packard's innovative 
solution 
to fixed message 
annunciation. 
The large, 


uniformly 
illuminated 
light 
emitting 
surface may be used 
for backlighting 
legends or 
simple indicators. 
Three distinct 
colors are offered, high 
efficiency 
red, yellow, and high 
performance 
green, with two 
bicolor combinations 
(see 
page 
2-13). Each of the eight 


X-V stackable 
package 
styles 
offers one, two, or four light 
emitting 
surfaces. Panel and 
Legend 
Mounts are also 
available 
for all devices. 


In addition 
to light bars, HP 
offers effective 
analog 
message annunciation 
with 
the new 10-element 
and 101- 
element 
LEDBar Graph Arrays. 


These bar graph 
arrays 
eliminate 
the matching 
and 
alignment 
problems 
commonly 
associated 
with 
arrays of discrete 
LED 
indicators. 
Each device 
offers 
easy to handle 
packages 
that 
are compatible 
with standard 
SIPand DIP sockets. The 10- 
element 
Bar Graph Array is 
available 
in standard 
red, high 
efficiency 
red, yellow, and 
green. New this year are the 
HDSP-4832 and HDSP-4836 
multicolor 
1O-element arrays 
with high efficiency 
red, yellow, 


and green LEDsin a single 
package. 
The package 
is X-V 
stackable, 
with a unique 
interlock allowing 
easy 
end-to-end 
alignment. 
The 
101-element 
Bar Graph Array is 
offered in standard 
red with 1% 
resolution. Watch for the 
introduction 
of high efficiency 
red and green versions. 


Device 
Description 
Typical 
Typical 
Luminous 
Forward 
Intensity 
Voltage 
Page 
PackageOutline Drawing 
Part No. 
Color 
Package 
Lens 
@ 20 mA 
@20mA 
No. 


HLMP-2300 
High 
4 Pin In-Line; .100" 
Diffused 
20 mcd 
2.0 V 
2-7 


II 
II 
Efficiency 
Centers; AOO"L x 


Red 
195"W x .240"H 


~ 


HLMP-2400 
Yellow 
Diffused 
20 mcd 
2.1 V 


HLMP-2500 
Green 
Green 
25 mcd 
2.2 V 


Diffused 


II 
II 


HLMP-2350 
High 
8 Pin In-Line; .100" 
Diffused 
35 mcd 
2.0 V 
Efficiency 
Centers;800"L 
x 


Red 
195"W x .240"H 
- 


HLMP-2450 
Yellow 
Diffused 
35 mcd 
2.1 V 


HLMP-2550 
Green 
Green 
50 mcd 
2.2 V 


Diffused 


DO 


HLMP-2600 
High 
8 Pin DIP; .100" 
Diffused 
20 mcd 
2.0 V 


Efficiency 
Centers; AOO"L x 
Red 
.400"W x .240"H; 
Dual Arrangement 


~ 


HLMP-2700 
Yellow 
Diffused 
18 mcd 
2.1 V 


HLMP-2800 
Green 
Green 
25 mcd 
2.2 V 


Diffused 


100001 


HLMP-2620 
High 
16 Pin DIP; .100" 
Diffused 
20 mcd 
2.0 V 


Efficiency 
Centers; .800"L x 


Red 
AOO"W x .240"H; 
Quad Arrangement 


~ 


HLMP-2720 
Yellow 
Diffused 
18 mcd 
2.1 V 


HLMP-2820 
Green 
Green 
25 mcd 
2.2 V 
Diffused 


• 


-- 
- . 


Device 
Description 
Typical 
Typical 


luminous 
Forward 


Intensity 
Voltage 
Page 


Package Dutline Drawing 
Part No. 
Color 
Package 
lens 
@2DmA 
@2DmA 
No. 


HlMP-2635 
High 
16 Pin DIP; .100" 
Diffused 
35 mcd 
2.0 V 
2-7 
§ 


Efficiency 
Centers; .800"l x 


Red 
.400"W x .240"H 


I 
I 
Dual Bar 
Arrangement 
HlMP-2735 
Yellow 
Diffused 
35 mcd 
2.1 V 
- 


HlMP-2835 
Green 
Green 
50 mcd 
2.2 V 


Diffused 


0 


HlMP-2655 
High 
8 Pin DIP; .100" 
Diffused 
35 mcd 
2.0 V 
Efficiency 
Centers; .400"l x 


Red 
.400"W x 240"H 
Square 
Arrangement 
2.1 V 
@ 


HlMP-2755 
Yellow 
Diffused 
35 mcd 


HlMP-2855 
Green 
Green 
50 mcd 
2.2 V 


Diffused 
!O[] 


HlMP-2670 
High 
16 Pin DIP; .100" 
Diffused 
35 mcd 
2.0 V 


Efficiency 
Centers; .800"l x 
Red 
.400"W x .240"H 
Dual Square 


HlMP-2770 
Arrangement 
- 


Yellow 
Diffused 
35 mcd 
2.1 V 


HlMP-2870 
Green 
Green 
50 mcd 
2.2 V 


Diffused 
0 


HlMP-2685 
High 
16 Pin DIP; 100" 
Diffused 
70 mcd 
2.0 V 


Efficiency 
Centers; .800"l x 
Red 
.400"W x .240"H 
Single Bar 


HlMP-2785 
Arrangement 
- 


Yellow 
Diffused 
70 mcd 
2.1 V 


HlMP-2885 
Green 
Green 
100 mcd 
2.2 V 


Diffused 


Device 
Description 
Typical 
Typical 


Luminous 
Forward 


Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
Lens 
@ 20 mA 
@2DmA 
No. 


HLMP-2950 
High 
8 Pin DIP; .100" 
Diffused 
HER: 20 mcd 
HER: 2.0 V 
2-13 
D 


Efficiency 
Centers; AOO"L x 
Yellow: 12 mcd 
Yellow: 2.1 V 
Red! 
AOO"W 
x .240"H 
Yellow 
Square 
Arrangment 


~ 


HLMP-2965 
High 
Diffused 
HER: 20 mcd 
HER: 2.0 V 
Efficiency 
Green: 20 mcd 
Green: 2.2 V 
Red! 
Green 


Device 
Corresponding Light Bar 
Page 
Package Outline Drawing 
Part No. 
Module Part Number HLMP- 
No. 


HLMP-2598 
2350, 2450, 2550 
2-19 


I 
I 


HLMP-2599 
2300, 2400, 2500 


c:::J 
D 


HLMP-2898 
2600, 2700, 2800 
2-19 
2655, 2755, 2855 
2950, 2965 


HLMP-2899 
2620, 2720, 2820 


I 
I 


2635, 2735, 2835 
2670, 2770, 2870 
2685, 2785, 2885 


• 


•• 
- . 


Device 
Description 
Typical 
Typical 
luminous 
Forward 
Intensity 
Voltage 
Page 
Package Outline Drawing 
Part No. 
Color 
Package 
lens 
@2DmA 
@2DmA 
No. 


HDSP-4820 
Standard 
20 Pin DIP; 
Diffused 
1250 "cd 
16V@ 
2-21 
Red 
.100" Centers; 
@20mADC 
20 mA DC 


1.D"L x .400"W 
x .240"H 
0000000000 
HDSP-4830 
High 
Diffused 
2280 "cd 
2.1 V@ 


Efficiency 
@10mADC 
20 mA DC 


Red 
JffifITfm1 
HDSP-4840 
Yellow 
Diffused 
1900 "cd 
2.2 V@ 


@10mA 
DC 
20 mA DC 


HDSP-4850 
High 
1900 "cd 
2.1 V@ 


Performance 
Diffused 
@10mADC 
10 mA DC 


Green 


HDSP-4832 
Multicolor 
Diffused 
1900 "cd 
@10mADC 


HDSP-4836 
Multicolor 
Diffused 
1900 "cd 
@10mADC 


ij 
II 
HDSP-8820 
Standard 
22 Pin SIP; 
Red, 
20 "cd 
1.7V@ 
2-27 


Red 
.100" Centers; 
Non-Diffused 
@ 100 mA Pk: 
100 mA Pk: 


L 1111111111111111111111 
J 


4.16"L x .390"W 
1 of 110 D.F. 
1 of 110 
x .236"H 
D.F. 


Flin- HEWLETT 
~~ 
PACKARD 
HIGH EFFICIENCY RED HlMP-2300/-2600 
SERIES 


YELLOW HLMP-2400/-2700 
SERIESI 


HIGH PERFORMANCE 
GREEN HLMP-2500/-2800 
SERIES 
:'.:' 


TECHNICAL 
DATA 
JANUARY 1984 
- 


• 
LARGE, 
BRIGHT, 
UNIFORM 
LIGHT 
EMITTING 


AREAS 
Approximately 
Lambertian 
Radiation 
Pattern 


• 
CHOICE 
OF THREE 
COLORS 


• 
CATEGORIZED 
FOR LIGHT 
OUTPUT 


• 
YELLOW 
AND 
GREEN 
CATEGORIZED 
FOR 


DOMINANT 
WAVELENGTH 


• 
EXCELLENT 
ON-OFF 
CONTRAST 


• 
EASILY 
MOUNTED 
ON P.C. BOARDS 
OR 


INDUSTRY 
STANDARD 
SIP/DIP 
SOCKETS 


• 
MECHANICALLY 
RUGGED 


• 
X-Y STACKABLE 


• 
FLUSH 
MOUNTABLE 


• 
CAN 
BE USED 
WITH 
PANEL 
AND 
LEGEND 


MOUNTS 


• 
LIGHT 
EMITTING 
SURFACE 
SUITABLE 
FOR 


LEGEND 
ATTACHMENT 
PER APPLICATION 


NOTE 
1012 


• 
SUITABLE 
FOR MULTIPLEX 
OPERATION 


• 
I.C. COMPATIBLE 


Description 


The HLM P-2300/ -2400/ -2500/ -2600/ -2700/ -2800 series 
light bars are rectangular 
light sources designed for a var- 
iety of applications 
where a large. bright source of light is 


required. These light bars are configured 
in single-in-line 
and dual-in-line 
packages 
that 
contain 
either 
single 
or 


Applications 


• 
BUSINESS 
MACHINE 
MESSAGE 
ANNUNCIATORS 


• 
TELECOMMUNICATIONS 
INDICATORS 


• 
FRONT 
PANEL 
PROCESS 
STATUS 
INDICATORS 


• 
PC BOARD 
IDENTIFIERS 


• 
BAR GRAPHS 


segmented 
light 
emitting 
areas. 
The 
-2300/-2400/ 


-2600/-2700 
series devices 
utilize 
LED chips 
which 
are 
made from 
GaAsP on a transparent 
GaP substrate. The 
-2500/-2800 series devices utilize chips made from GaP on 
a transparent GaP substrate. 


Light Bar Part Number 
Number 
HLMP- 
of 
Corresponding 
High 
Size of Light Emitting Areas 
Light 
Package Outline 
Panel and 


Efficiency 
Yellow 
Green 
Emitting 
Outline 
Legend Mount 
Red 
Areas 
Part No. HLMP- 


2300 
2400 
2500 
8.89 mm x 3.81 mm L350 in. x .150 in.> 
1 
A 
CJ 
2599 


2350 
2450 
2550 
19.05 mm x 3.81 mm <.750in. x .150 in.l 
1 
B 
c:::J 
2598 


2600 
2700 
2800 
8.89 mm x 3,81 mm (,350 in. x .150 in.l 
2 
0 
CD 
2898 


2620 
2720 
2820 
8.89 mm x 3.81 mm (,350 in. x .150 in) 
4 
F 
[[IIJ 
2899 


2635 
2735 
2835 
8.89 mm x 19.05 mm <.150in. x .750 in.l 
2 
G 
E3 
2899 


2655 
2755 
2855 
8.89 mm x 8.89 mm L350 in. x .350 in.> 
1 
C 
0 
2898 


2670 
2770 
2870 
8.89 mm x 8.89 mm L350 in. x .350 in.l 
2 
E 
rn 
2899 


2685 
2785 
2885 
8.89 mm x 19.05 mm L350 in. x .750 in) 
1 
H 
D 
2899 


Parameter 
HLMP·2300/·2500/ 
HLMP-2400/ 


-2600/-2800 Series 
-2700 Series 


Average Power Dissipation 
per LEO Chip 
1 
13SmW 
8SmW 


Peak Forward Current per LED ChiP, TA ~ 50' C (Maximum Pulse Width = 2 msll!, 2· 
90mA 
60mA 


Time Average Forward Current per LEO Chip, Pulsed Conditions 
2 
25 mA, 
20mA, 


TA=2S'C 
TA=SO'C 


DC Forward Current per LED Chip, TA = SO'CI3 
30mA 
2S mA 


Reverse Voltage per LED Chip 
6V 


Operating 
Temperature 
Range 
-40' C to +85' C 


Storage Temperature 
Range 
-40· C to +8S' C 


Lead SOldering Temperature, 
1.6 mm 0/16 inch) Below Seating Plane 
260· C for 3 seconds 


NOTES: 
,. 
For HLMP'2300/-2S00/-2600/-2800 
series, derate above TA ~ 2S' C at 1.8 mW/' C per LED chip. 
For HLMP-2400/-2700 
series, 


derate above TA ~ SO'C at 1.8 mW/'C 
per LED chip. See Figure 2. 


2. See Figure 1 to establish pulsed operating conditions. 
3. 
For HLMP-2300/-2S00/-2600/-2800 
series, derate above TA ~ 50' C at O.SOmAl" C per LED chip. 
For HLMP-24001-2700 series, 
derate above TA = 60' C at 0.50 mAIOC per LED chip. See Figure 3. 
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0.508 
0.076 
- (01261 
--F? -b 


PIN 
1 
CATHODE 
END 


xxx 
1.016 
x 


10.0401---1. .-- + 6.223 
TYP 
.__ 
10.2461 


, 
MAX. 


SIDE VIEW C, 0 


2.540 
10.1001 
TVP 


LUMINOUS 
INTENSITY 
CATEGORV 
(SEE NOTE 
41 


-'- 
-t 


0.508' 005 


10.0201 
TVP 


4953 r 8.890 -J 
(0.185) 
(03501 
I 
3.8'0 
MAX 
I 
I, 
(0.'501 


LICJI~ 


I .. PIN 
~UM8ER 


'II r~- 


10160 
2 
7 
8890 


(0400) 
(03501 
MAX 
3 
6 
4 
5=-r- 


-,- 
--+I 
8890 
(03501 


PART 
NUM8E.R 


COtoR 
BIN 
(SEE NOTE 
51 


lUMINOUS 
INTENSITY 
CATEGORY 
, 
2 
3 


ISEE NOTE 
41 
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1.016 
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Internal Circuit Diagrams 
~: 


,- 


~ 
:E 


-8 


2- 
-7 


3-3 
:E 
-6 
PIN FUNCTION 
PIN 
4- 
-5 
C,D 
E,F,G,H 
PIN FUNCTION 


A 
B 
1 
CATHODE. 
CATHODE a 


A 
PIN 
'2300/-2400 
-2350/·2450 
C,D 
2 
ANODE a 
ANODE. 


-2500 
·2550 
3 
ANODE b 
ANODE b 


Cathode-. 
Cathode- 
a 
4 
CATHODE b 
CATHODE b 
- 
, 
5 
CATHODEc 
CATHODEc 
af 


1-' 
2 
Anode-a 
Anode-a 
1- 


~ 
€ 


f-'6 
6 
ANODEc 
ANODEc 


3 
Cathode-b 
Cathode- 
b 
7 
ANODEd 
ANODE d 
2- 
1-'5 
8 
CATHODE d 
CATHODE d 


-2 
4 
Anode-b 
Anode-b 
9 
CATHODE e 
hi 


-3 
5 
Cathode-c 
3- 
~ 
€ 


1-'4 
10 
ANODEe 


11 
I 
ANODEf 
6 
Anode-c 
4- 
f-13 
12 
CATHODEf 
-4 
7 
Cathode-d 
13 
I 
CATHODEg 
{ 


-5 
5- 
~ 
:2: 


1-'2 
14 
ANODEg 
8 
Anode- 
d 
15 
ANODE h 
6- 
1-11 
16 
CATHODEh 
-6 
di 


-7 
7- 
~ 
€ 


1-10 


8- 
1-9 
-8 
'--- 
B 
E,F,G,H 


Electrical/Optical Characteristics at TA=25°C 


High 
Efficiency 
Red HLMP-2300/-2600 
Series 


Parameter 
HLMp· 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


4.5 
20 
mcd 
20 mA DC 
2300 
Iv 
30 
mcd 
60 mA Pk: 1 of 3 DF 


9 
35 
mcd 
20mA DC 


2350 
Iv 


50 
mcd 
60 mA Pk: 1 of 3 DF 


4.5 
20 
mcd 
20 mA DC 
2600 
Iv 


30 
mcd 
60 mA Pk: 1 of 3 DF 


45 
20 
mcd 
20 mA DC 


Luminous 
Intensity,4) 
2620 
Iv 


Per Light Emitting 
30 
mcd 
60 mA Pk: 1 ot3 DF 


Area 
9 
35 
mcd 
20 mA DC 
2635 
Iv 


50 
mcd 
60 mA Pk: 1 of3 DF 


9 
35 
mcd 
20 mA DC 


2655 
Iv 


50 
mcd 
60 mA Pk: 1 of 3 DF 


9 
35 
mcd 
20 mA DC 
2670 
Iv 


50 
mcd 
60 mA Pk: 1 of 3 DF 


18 
70 
mcd 
20 mA DC 


2685 
Iv 
100 
mcd 
60 mA Pk: 1 013 DF 


Peak Wavelength 
Apeak 
635 
nm 


Dominant WavelengthlSI 
Ad 
626 
nm 


Forward Voltage Per lED 
VF 
2.0 
2.6 
V 
IF = 20 mA 


Reverse Breakdown 
Voltage Per lED 
VBA 
6 
15 
V 
IA = 1oo"A 


Thermal 
Resistance 
lED 
·C/WI 


Junclion-to·Pin 
ROJ-PIN 
150 
lED 
Chip 


I', 


, . 


Parameter 
HLMP· 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


4 
20 
mcd 
20mADC 
2400 
Iv 
33 
mcd 
60 mA Pk: 1 of 3 OF 


8 
35 
mcd 
20mA 
DC 
2450 
Iv 
60 
mcd 
60 mA Pk: 1 of 3 OF 


4 
18 
mcd 
20mA 
DC 
2700 
Iv 
30 
60 mA Pk: 1 of 3 OF 
mcd 


4 
18 
mcd 
20mA 
DC 
Luminous 
Intensity,4, 
2720 
Iv 
30 
mcd 
60 mA Pk; 1 of 3 OF 
Per Light Emitting 
8 
35 
mcd 
20mA 
DC 
Area 
2735 
Iv 
60 
mcd 
60 mA Pk: 1 of 3 OF 


8 
35 
mcd 
20 mA DC 
2755 
Iv 
60 
mcd 
60 mA Pk: 1 of 3 OF 


8 
35 
mcd 
20mADC 
2770 
Iv 
60 
mcd 
60 mA Pk: 1 of 3 OF 


16 
70 
mcd 
20mADC 
2785 
Iv 
115 
mcd 
60 mA Pk: 1 of 3 OF 


Peak Wavelength 
Apeak 
583 
nm 


Dominant 
Wavelength.S 
Ad 
585 
nm 


Forward Voltage Per LED 
VF 
2.1 
2.6 
V 
IF-20 
mA 


Reverse Breakdown 
Voltage Per LED 
VBR 
6 
15 
V 
IR-100!"A 


Thermal Resistance LED 
·C/W/ 


Junction-to-Pin 
ROJ-PIN 
150 
LED 
Chip 


Parameter 
HLMP- 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Condillons 


3.7 
25 
mcd 
20mADC 
2500 
Iv 
38 
mcd 
60 mA Pk: 1 of 3 OF 


7.5 
50 
mcd 
20mA 
DC 
2550 
Iv 
75 
mcd 
60 mA Pk: 1 of 3 OF 


37 
25 
mcd 
20mAoC 
2800 
Iv 
60 mA Pk: 1 of 3 OF 
38 
mcd 


Luminous 
Intensity,4 
3.7 
25 
mcd 
20mA 
DC 
2820 
Iv 
Per Light Emitting 
38 
mcd 
60 mA Pk: 1 of 3 OF 


Area 
7.5 
50 
mcd 
20mA 
DC 
2835 
Iv 
75 
mcd 
60 mA Pk: 1 of 3 OF 


7.5 
50 
mcd 
20mA 
DC 
2855 
Iv 
75 
mcd 
60 mA Pk: 1 of 3 OF 


2870 
7.5 
50 
mCd 
20mADC 
Iv 
75 
mcd 
60 mA Pk: 1 of 3 OF 


15 
100 
mcd 
20 mA DC 
2885 
Iv 
150 
mcd 
60 mA Pk: 1 of 3 OF 
Peak Wavelength 
Aoe.k 
565 
nm 
Dominant 
WavelengthtSt 
Ad 
572 
nm 
Forward Voltage Per LEO 
VF 
22 
2.6 
V 
IF =20 mA 
Reverse Breakdown 
Voltage Per LEO 
VBR 
6 
15 
V 
IR= 100!"A 
Thermal Resistance LEO 
·C/W/ 
Junction-to-Pin 
ROJ-PIN 
150 
LED 
Chip 


NOTES: 
4. These devices are categorized 
for luminous 
intensity 
with the intensity 
category 
designated 
by a letter code on the side of the 


package. 
5. The dominant 
wavelength, 
Ad, is derived from the CI E chromaticity 
diagram and is that single wavelength 
which defines the color 
of the device. Yellow and green devices are categorized 
for dominant 
wavelength 
with the color bin designated 
by a letter code on 
the side of the package. 


The HLMP-2300/-2400/-2500/-2600/-2700/-2800 series of 
light bar devices are composed of two, four or eight light 
emitting diodes, with the light from each LED optically 
scattered to form an evenly illuminated light emitting sur- 
face. The LED's have a P-N junction 
diffused into the 


epitaxial layer on a GaP transparent substrate. 


The anode and cathode of each LED is brought out by 
separate pins. This universal pinout arrangement allows 
for the wiring of the LED's within a device in any of three 
possible configurations: 
parallel, series, or series/parallel. 


The typical forward voltage values, scaled from Figure 5, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
VF values for the purpose of driver circuit 
design and 
maximum power dissipation may be calculated using the 
following 
VF models: 


VF = 1.8V + IPEAK(400) 


For IPEAK~ 20mA 


VF = 1.6V + loc (500) 


For 5mA ~ loc ~ 20mA 


The maximum power dissipation can be calculated for any 
pulsed or 
DC drive condition. 
For DC operation, the 


maximum power dissipation is the product of the maximum 
forward voltage and the maximum forward current. For 
pulsed operation, the maximum power dissipation is the 
product 
of the maximum forward voltage at the peak 


forward 
current 
times the 
maximum 
average forward 


current. 
Maximum allowable power dissipation for any 


given ambient temperature and thermal resistance (ROJ-A) 
can be determined by using Figure 2. The solid line in 
Figure 2 (ROJ-Aof 538°CIW) represents a typical thermal 
resistance of a device socketed in a printed circuit board. 
The dashed lines represent achievable thermal resistances 
that can be obtained through improved thermal design. 
Once the maximum allowable power dissipation is deter- 
mined, the maximum pulsed or DC forward current can be 
calculated. 


The 
radiation 
pattern 
for 
these light 
bar devices 
is 


approximately 
Lambertian. The luminous sterance may 


be calculated using one of the two following formulas: 


L (cd/m2) = 
Iv (cd) 


v 
A (m2) 


rrlv (cd) 
Lv (footlamberts) = A (ft2) 


Size of Light 
Surface Area 
Emllllng 
Area 
Sq. Metres 
Sq. Feet 


8.89 mm x 8.89 mm 
67.74 x 10-6 
729.16 X 10.6 


8.89 mm x 3.81 mm 
33.87 x 10-6 
364.58 x 10.6 


8.89 mm x 19.05 mm 135.48 x 10.6 1458.32 X 10-6 


3.81 mm x 19.05 mm 
72.58 x 10-6 
781.25 X 10-6 


Refresh rates of 1 kHz or faster provide the most efficient 
operation resulting in the maximum possible time average 
luminous intensity. 


The time average luminous intensity may be calculated 
using the relative efficiency 
characteristic 
of Figure 4, 


'1IPEAK,and adjusted for operating ambient temperature. 
The time average luminous 
intensity 
at TA = 25°C is 


calculated as follows: 


[ IAVG] 
Iv TIMEAVG= 
20mA 
('1lpEAK)(Iv Data Sheet) I'· 
. . 


Example: For HLMP-2735 series 


'1lpEAK= 1.18 at IPEAK= 48 mA 


[12mAJ 
Iv TIMEAVG= 
20mA 
(1.18)(35mcd) = 25 mcd 


The time average luminous intensity may be adjusted for 
operating ambient temperature by the following exponen- 
tial equation: 


Iv (TA) = Iv (25°C) elK ITA 
- 2S'C>l 


Device 
K 


-2300/-2600Series 
-o.0131/oC 
-2400/-2700Series 
-o.0112/oC 
-2500/-2800Series 
-0.0104/oC 


These light 
bar devices may be operated 
in ambient 


temperatures 
above 
+60° C 
without 
derating 
when 
installed 
in a PC board configuration 
that provides a 


thermal resistance to ambient value less than 250° C/W/ 
LED. See Figure 3 to determine the maximum allowed 
thermal resistance for the PC board, ROPC-A,which will 
permit 
nonderated 
operation 
in 
a 
given 
ambient 


temperature. 


To 
optimize 
device 
optical 
performance, 
specially 


developed plastics are used which restrict the solvents 
that may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv 01-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may 
be accomplished 
with 
Freon 
T-E35 
or T-P35, 


Ethanol, Isopropanol or water with a mild detergent. 


These devices are constructed utilizing a lead frame in a 
DIP package. The LED dice are attached directly to the 
lead frame. Therefore, the cathode leads are the direct 
thermal and mechanical stress paths to the LED dice. The 
absolute maximum allowed junction temperature, TJ MAX, 
is 
100°C. 
The 
maximum 
power 
ratings 
have been 


established so that the worst case VF device does not 
exceed 
this 
limit. 
For most 
reliable 
operation, 
it 
is 


recommended 
that the device pin-to-ambient 
thermal 


resistance through the PC board be less than 250° C/VV/ 
LED. 
This 
will 
then 
establish 
a 
maximum 
thermal 
resistance LED junction-to-ambient 
of 400° C/W/LED. 
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Figure 2, Maximum Allowable Power Dissipation 
per lED 
vs, 


Ambient Temperature 
Deratings Based on Maximum 
Allowable Thermal Resistance Values, lED Junction to 
Ambient on a per lED 
Basis, Tj MAX = 1000 C, 
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Figure 3, Maximum Allowable DC Current per lED vs. Ambient 
Temperature, Deratings Based on Maximum Allowable 
Thermal Resistance Values, lED Junction-to-Ambient 
on a per lED 
Basis, Tj MAX = 1000 C, 
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For a Detailed 
Explanation 
on the Use of Data Sheet Information 
and Recommended 


Soldering 
Procedures, 
See Application 
Note 
1005. 


F/iOW 
HEWLETT 
~~ 
PACKARD 


• 
LARGE, 
BRIGHT, 
UNIFORM 
LIGHT 
EMITTING 


AREA 
8.89mm 
x 8.89mm 
(0.35 x 0.35 inch) 


Approximately 
Lambertian 
Radiation 
Pattern 


• 
CHOICE 
OF TWO 
BICOLOR 
COMBINATIONS 


• 
CATEGORIZED 
FOR LIGHT 
OUTPUT 


• 
YELLOW 
AND 
GREEN 
CATEGORIZED 
FOR 
DOMINANT 
WAVELENGTH 


• 
EXCELLENT 
ON-OFF 
CONTRAST 


• 
EASILY 
MOUNTED 
ON P.C. BOARDS 
OR 


INDUSTRY 
STANDARD 
DIP SOCKETS 


• 
MECHANICALLY 
RUGGED 


• 
X-Y STACKABLE 


• 
FLUSH 
MOUNTABLE 


• 
CAN BE USED WITH 
HLMP-2898 
PANEL AND 
LEGEND 
MOUNT 


• 
LIGHT 
EMITTING 
SURFACE 
SUITABLE 
FOR 


LEGEND 
ATTACHMENT 
PER APPLICATION 
NOTE 
1012 


• 
I.C. COMPATIBLE 


The 
HLMP-2950/-2965 
light 
bars are bicolor 
light 
sources 
designed 
for a variety 
of applications 
where 
dual 
state or 
tristate 
illumination 
is required 
for 
the same 
annunciator 
function. 
In addition, 
both devices are capable 
of emitting 
a 
range of colors 
by pulse width 
modulation. 
These light bars 


DATE 
0.508! 
0.05 
CODe 
PART 


2.540 
10.0201 
NUMBER 


(0'001 J T- 


lUMINOUS 
INTENSITY 
CATEGORY 
1.016 
x 
(see note 41 
(0.040.1M- 
TYP 
6.223 
10.2451 
MAX 


LED BICOLOR LIGHT BARS 
DIP - 
Single Light Emitting 
Area 


HIGH EFFICIENCYRED/YEllOW 
HlMP-2950 


HIGH EFFICIENCYRED/ 
HIGH PERFORMANCEGREEN 
HlMP-2965 


Applications 


• 
TRISTATE 
LEGEND 
ILLUMINATION 


• 
SPACE-CONSCIOUS 
FRONT 
PANEL 
STATUS 


INDICATORS 


• 
BUSINESS 
MACHINE 
MESSAGE 
ANNUNCIATORS 


• TELECOMMUNICATIONS 
INDICATORS 


• 
TWO 
FUNCTION 
LIGHTED 
SWITCHES 


are configured 
in dual-in-line 
packages 
which 
contain 
a 
single light emitting 
area. The high efficiency 
red (HER I and 
yellow 
LED 
chips 
utilize 
GaAsP 
on 
a transparent 
GaP 
substrate. 
The green LED chips utilize GaP on a transparent 
substrate. 


~l~~~l 


0254 
0.05---1~ 


la,OlO) 


4· 


064IbJ 


10.160) 
I 
I 


MIN. 
~D-t 
, 
8-- 


10.160 
2D 7 
8.890 
{~::i?l3 
6 
103501 


__ 4 
5=--r 
t~~ {g:~~glft- 


l' 


10.160 
(0.400) 
_ 
MAX. 
NOTES: 
DIMENSIONS 
IN MILLIMETRES 
(lNCHESI. 


TOLERANCES 
to.25 
mm (+0.010 
in) UNL.-ESS 
OTHERWISE 
INDICATED 


• 


0. 


.0 


Absolute Maximum 
Ratings 


Parameter 
HLMP·2965 
HLMP·2950 


Average Power Dissipation 
per LED Chlp" 
135mW 
85 mW 


Peak Forward Current 
per LED Chip, TI\ "" 50°C (Maximum 
Pulse Width"" 
2 msj",2j 
90 mA 
60mA 


Time Average Forward Current 
per LED Chip, 
25 mA, 
20mA, 


Pulsed Condi1ions2 
TA = 25°C 
TA= 
50°C 


DC Forward Current 
per LED Chip, TA = 50" C3; 
30 mA 
25 mA 


Operating 
Temperature 
Range 
-40° C to +85" C 


Storage Temperature 
Range 
-40" C to +85° C 


Lead Soldering 
Temperature. 
1.6 mm (1/16 inchl 
Below Seating Plane 
260" C for 3 seconds 


NOTES: 
1. For HLMP-2965, 
derate above TA = 25" C at 1.8 mW/" C per 
3. For HLMP-2965, derate above TA = 50" C at 0.50 mAl" C per 


LED 
chip. 
For 
HLMP-2950 
derate 
above 
TA = 50" C at 
LED 
chip. 
For 
HLMP-2950, 
derate 
above 
TA = 
60" C at 


1.8 mW/" C per LED chip. See Figure 2. 
0.50 mAI"C 
per LED chip. See Figure 3. 


2. See Figure 1 to establish 
pulsed operating 
conditions. 


Internal Circuit Diagram 


PIN FUNCTION 


1 
8 
PIN 
HER 
YELLOW 
.* .* *h *d 


or GREEN 


1 
CATHODE a 
ANODEe 


2 
7 


2 
ANODE a 
CATHODEe 
3 
ANODEb 
CATHODEf 


3 


b~ f* *- 


~c 


6 
4 
CATHODE b 
ANODEf 


5 
CATHODEc 
ANODEg 
4 
5 
6 
ANODEc 
CATHODEg 


7 
ANODEd 
CATHODEh 
'* HIGH 
EFFICIENCY 
RED 
LED 
8 
CATHODEd 
ANODE h 
* YELLOW 
OR GREEN 
LED 


Electrical/Optical 
Characteristics 
at TA = 25°C 


HIGH 
EFFICIENCY 
RED/YELLOW 
HLMP-2950 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


9 
20 
mcd 
20 mA DC 
HER 
Iv 
60 mA Pk: 1 of 3 


Luminous 
Intensityl.1 
30 
mcd 
Duty 
Factor 


8 
12 
mcd 
20mA 
DC 
Yellow 
Iv 


20 
mcd 
60 mA Pic 1 of 3 
Duty 
Factor 


HER 
635 


Peak Wavelength 
Yellow 


APEAK 
nm 
583 


HER 
626 


Dominant 
Wavelength,5 


Yellow 
Ad 
585 
nm 


HER 
2.1 
2.6 
Forward 
Voltage 
VF 
V 
IF =20 
mA 
Yellow 
2.2 
2.6 


Thermal 
Resistance 
LEO 
Junction-to-Pin 
ROJ_PIN 
150 
°CIW/LEo 


Electrical/Optical Characteristics at TA = 25°C 


HIGH 
EFFICIENCY 
RED/GREEN 
HLMP-2965 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


9 
20 
mcd 
20mA 
DC 


HER 
Iv 
60 mA Pk; 1 of3 


LuminQ:!JS IntensIty 
141 
30 
mcd 
Duty 
Factor 


7.5 
20 
mcd 
20 mADe 
Green 
Iv 
60 mA Pk: 
of 3 
30 
mcd 
1 
Duty 
Factor 


HER 
635 


l"eak Wavelength 
APEAK 
om 
Green 
565 


HER 
626 


Dominant 
WavelengthlS! 
Ad 


572 
nm 


Green 


HER 
2.1 
2.6 


Forward 
Voltage 
VF 
V 
IF4'20 
mA 
Green 
2.2 
2.6 


Thermal 
Resistance 
LED 
.R8J-PIN 
150 
"CIW/LED 
Junction-to-Pin 


NOTES: 
4. These devices are categorized for luminous intensity with the intensity categorization designated by a two letter combination code located 
on the side of the package (Z ~ HER. W ~ Yeilow or Green). 
5. The dominant 
wavelength. 
Ad. is derived from the C.LE. chromaticity 
diagram and is that single wavelength which defines the color 
of the device. 


The 
HLMP-2950/-2965 
bicolor 
light 
bar devices 
are com- 


posed 
of eight 
light 
emitting 
diodes: 
four 
High 
Efficiency 
Red and four that are either 
Yellow 
or Green. 
The light from 


each 
LED 
is optically 
scattered 
to form 
an evenly 
illumi- 


nated light emitting 
surface. 
The LED's are die attached 
and 


wire 
bonded 
in bicolor 
pairs, 
with 
the 
anode/cathode 
of 


each 
LED pair brought 
out by separate 
pins. 


The typical 
forward 
voltage 
values, 
scaled 
from 
Figure 
5, 
should 
be used for calculating 
the current 
limiting 
resistor 


values 
and typical 
power 
dissipation. 
Expected 
maximum 


VF values for the purpose 
of driver 
circuit 
design 
and maxi- 


mum 
power 
dissipation 
may 
be approximated 
using 
the 


fallowing 
VF models: 


VF = 1.8V + IPEAK (400) 


For IpEAK 2 20 mA 


VF = 1.6V + IDe (500) 


For 5 mA ~ IDe ~ 20 mA 


The 
maximum 
power 
dissipation 
can be calculated 
for any 
pulsed 
or 
DC 
drive 
condition. 
For 
DC 
operation, 
the 
maximum 
power 
dissipation 
is the product 
of the maximum 


forward 
voltage 
and 
the 
maximum 
forward 
current. 
For 


pulsed 
operation, 
the 
maximum 
power 
dissipation 
is the 


product 
of 
the 
maximum 
forward 
voltage 
at 
the 
peak 


forward 
current 
times 
the 
maximum 
average 
forward 
current. 
Maximum 
allowable 
power 
dissipation 
for 
any 


given 
ambient 
temperature 
and thermal 
resistance 
(ROJ-AI 


can 
be 
determined 
by 
using 
Figure 
2. 
The 
solid 
line 


in Figure 2 (ROJ-A of 5380 C/WI 
represents 
a typical 
thermal 


resistance 
of a device 
socketed 
in a printed 
circuit 
board. 


The 
dashed 
lines 
represent 
achievable 
thermal 
resistance 


that 
can 
be 
obtained 
through 
improved 
thermal 
design. 


Once 
the 
maximum 
allowable 
power 
dissipation 
is deter- 


mined, 
the maximum 
pulsed 
or DC forward 
current 
can be 
calculated. 


The radiation 
pattern 
for these 
light 
bar devices 
is approxi- 


mately 
Lambertian. 
The luminous 
sterance 
may be calcu- 


lated using 
one of the two following 
formulas: 


Iv (cd) 
A (m2) 


rrlv (cd) 


Lv (footlamberts) 
= 
A (ft2) 


where 
the area 
(AI of the light 
emitting 
surface 
is 67.74 x 


10-6m2(729.16x 
10-6ft.2). 


For a Detailed 
Explanation 
on the Use of Data Sheet Information 
and Recommended 


Soldering 
Procedures, 
see Application 
Note 1005. 
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Figure 
1. Maximum 
Allowed 
Peak 
Current 
vs. 
Pulse 
Duration. 
Figure 
2. 
Maximum 
Allowable 
Power 
Dissipation 
per 
LED 
vs. 


Ambient 
Temperature. 
Deratings 
based 
on 
Maximum 
Allowable 
Thermal 
Resistance 
Values, 
LED 
Junction 
to 
Ambient 
on 
a per 
LED 
Basis, 
Tj 
MAX = 1000 C. 
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Figure 
3. 
Maximum 
Allowable 
DC 
Current 
per 
LED 
vs. Ambient 
Figure 
4. 
Relative 
Efficiency 
(Luminous 
Intensity 
per 
Unit 
Temperature, 
Deratings 
Based 
on 
Maximum 
Allowable 
Current) 
vs. 
Peak 
LED 
Current. 


Thermal 
Resistance 
Values, 
LED 
Junction-to-Ambient 
on 
a per 
LED 
Basis, 
Tj 
MAX = 1000 C. 
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VF - FORWARD 
VOLT 
AGE 
- V 
loc-DC 
CURRENT PER LED-mA 


Figure 
5. 
Forward 
Current 
vs. 
Forward 
Voltage 
Characteristics. 
Figure 
6. Relative 
Luminous 
Intensity 
vs. 
DC 
Forward 
Current. 


Bicolor 
LED light 
bar modules 
require 
a polarity 
reversing 
scheme 
to turn on the desired 
LED. Reversing 
line drivers, 


timers 
and 
memory 
drivers 
can 
be used 
to drive 
bicolor 
LED light 
bars. 


The reversing 
line driver, 
which 
was originally 
designed 
to 
drive a data transmission 
line, can also be used as a polarity 
reversing 
driver for bicolor 
LED modules. 
The reversing 
line 
driver 
has a totem 
pole output 
structure 
that 
differs 
from 
most TTL circuits 
in that the output 
is designed 
to source 
as much current 
as it is capable 
of sinking. 


Line drivers 
designed 
to operate 
from 
a single 
5V supply 
are typically 
specified 
to source 
or sink 
40 mA. Figure 
7 
shows 
the typical 
output 
characteristics 
of three 
different 
line drivers 
connected 
so that one output 
sources 
current 
across 
a load and the current 
is sunk 
by another 
output. 


This circuit 
is shown 
in Figure 8. At 40 mA output 
current, 


the output 
voltage 
typically 
varies from 2.4V (74128) to 2.9V 


(OM 8830, 96141 for Vcc = 5.0V. A basic bicolor 
LED circuit 
is shown 
in Figure 9. Since a line driver can supply 
40 mA, it 


is capable 
of driving 
two LED pairs. 


Some 
line drivers 
like the 9614 are constructed 
such that 
the sourcing 
output 
is brought 
out separately 
from the sink- 


ing output. 
With this type of line driver, the LED currents 
for 


each 
pair can be controlled 
separately. 
This technique 
is 
shown 
in Figure 
10. Other 
line drivers 
provide 
a tri-state 


output 
control 
or 
provide 
other 
means 
for 
turning 
both 


LED's off. An example 
of this circuit 
technique 
is shown 
in 


Figure 
11. 


The 
NE556 dual 
timer, 
or two 
NE555 timers 
can also 
be 


used to drive bicolor 
light 
bars, as shown 
in Figure 
12. The 
outputs 
at the NE555 timer 
are able to source 
or sink up to 


200 mA. Connected 
as shown, 
each timer acts as an invert- 
ing buffer. 
This circuit 
has the advantage 
over the previous 


line driver circuits 
of being able to operate 
at a wide variety 


of power supply 
voltages 
ranging 
from 4.5 to 16 volts. 


Memory 
drivers 
can also be used to drive bicolor 
light bars. 


Figure 
13 shows a 75325 core memory 
driver being used to 


drive 
several 
pairs 
of 
bicolor 
LEOs. 
The 
75325 
is gua- 
ranteed 
to supply 
up to 600 mA of current 
with an output 


voltage 
considerably 
higher than 5V line drivers. 
The 75325 
requires 
an additional 
7.5V power supply 
at about 40 mA to 


properly 
bias the sourcing 
drivers. 
The 
75325 allows 
tri- 
state (red, green or yellow, 
off) operation. 


By employing 
pulse width 
modulation 
techniques 
to any of 
these circuits 
a range of colors 
can be obtained. 
This tech- 
nique is illustrated 
in Figure 
14. 


Hewlett-Packard 
cannot 
assume 
responsibility 
for 
use of 
any 
circuitry 
described 
other 
than 
the 
circuitry 
entirely 


embodied 
in an HP product. 
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Flia- HEWLETT 
~~ 
PACKARD 


• 
HOLDSLEGENDSFORFRONTPANELOR 
PC BOARD 
APPLICATIONSI[lj 


• 
ONE PIECE, 
SNAP-IN 
ASSEMBLY 


• 
MATTE 
BLACK 
BEZEL 
DESIGN 
ENHANCES 
PANEL APPEARANCE 


• 
MAY BE INSTALLED 
IN A WIDE 
RANGE 
OF 
PANEL THICKNESSES 


This series of black plastic 
bezel mounts 
is designed to 
install 
Hewlett-Packard 
Light 
Bars in instrument 
panels 
ranging in thickness from 1.52 mm (0.060 inch) t03.18 mm 


Panel and legend 
Mount Part No. 


HLMP· 


2598 


2599 


Corresponding light Bar 
Module Part No. 
HlMp· 


2350.2450.2550 


2300.2400.2500 


2600.2700.2800 
2655.2755.2855 
2950. 2965 


0.2720.2820 
2635.2735.2835 
2670.2770.2870 
2685. 2785. 2885 


(0.125 inch). A space has been provided for holding a 0.13 
mm (0.005 inch) film legend over the light emitting surface 
of the light bar module. 


Panel Hole Installation 
Package 
Oimensions[~) 
Outline 


7,62 mm 0.300 inch ..x 22.86mm 
0.9001hchi 


7'.62 mmlO.$OOinchtx 
12.70 mm ,0500 inch 


Notes: 
1. Application 
Note 1012 addresses legend fabrication options. 


2. Allowed hole tolerance: +0.00 mm, -0.13 mm 1+0.000inch, -0.005 inch). Permitted radius: 1.60 mm 10.063inch!. 


I--- 1B.B5 ----I 
I 
10.7421 
I 


Ill! 
illl 


I 
13.72' 0.25 
- 
1_ 23BB 
0.25----l 
"~~-C=t-I[II"-,,...IIII 


Tope 
TOP0 


NOTES: 
1. DIMENSIONS 
IN MILLlMETRES 
(INCHES) 


2. 
UNTOLEAANCEO 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 


o 


SIDE A,a 


0.76 
11---1 
6.22' 0.25 
10.030)- 
. _ 
1(0.245 
:t 0.0101 
o 


SIDEC.O 


1. Mil13 
or punch 
a hole 
in the panel. 
Deburr, 
but do not 
chamfer, 
the edges of the hole. 


2. Place the front 
of the mount 
against 
a solid, 
flat surface. 


A film 
legend 
with 
outside 
dimensions 
equal to the out- 
side 
dimensions 
of the 
light 
bar may 
be placed 
in the 
mount 
or 
on 
the 
light 
bar 
light 
emitting 
surface. 
Press 
the 
light 
bar into 
the 
mount 
until 
the tabs 
snap 
over 
the 
back 
of 
the 
light 
bar. 
IWhen 
inserting 
the 


HLMP-2898, 
align 
the 
notched 
sides 
of the 
light 
bar 
with 
the 
mount 
sides 
which 
do 
not 
have 
the 
tabs). 


(See Figure 
1) 


3. Applying 
even pressure 
to the top of the mount, 
press the 
entire assembly 
into the hole from the front of the panel. 
4 


(See Figure 2) 


NOTE: 
For thinner 
panels, 
the mount 
may be pressed 
into 
the 
panel 
first, 
then 
the light 
bar may be pressed 
into 
the 


mount 
from 
the back side of the panel. 


Notes: 
3. A 3.18 mm 10.125 inchl diameter mill may be used. 
4. 
Repetitive insertion of the mount into the panel will degrade the 
retention force of the mount. 


'''1-) 


Hole 
punches 
may 
be ordered 
from 
one of the following 
sources: 


Danly Machine Corporation 
Punch rite Division 
15400 Brookpark Road 
Cleveland. OH 44135 
,216 
267-1444 


Ring Division 
The Producto Machine Company 
Jamestown. NY 14701 
18001828-2216 


Porter Precision Products Company 
12522 Lakeland Road 
Santa Fe Springs, CA 90670 
12131946-1531 


Di-Acro 
Division 


Houdaille Industries 
800 Jefferson Street 
Lake City, MN 55041 
16121345-4571 
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• 
CUSTOM 
MULTICOLOR 
ARRAY 
CAPABILITY 


• 
MATCHED 
LEOs FOR UNIFORM 
APPEARANCE 


• 
END STACKABLE 


• 
PACKAGE 
INTERLOCK 
ENSURES 
CORRECT 


ALIGNMENT 


• 
LOW PROFILE 
PACKAGE 


• 
RUGGED 
CONSTRUCTION- 
RELIABILITY 
DATA 
SHEETS 
AVAILABLE 


• 
LARGE, 
EASILY 
RECOGNIZABLE 
SEGMENTS 


• 
HIGH 
ON-OFF 
CONTRAST, 
SEGMENT 
TO 
SEGMENT 


• 
WIDE 
VIEWING 
ANGLE 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• 
HDSP-4832/-4836/-4840/-4850 
CATEGORIZED 
FOR DOMINANT 
WAVELENGTH 


• 
INDUSTRIAL 
CONTROLS 


• 
INSTRUMENTATION 


• 
OFFICE 
EQUIPMENT 


• 
COMPUTER 
PERIPHERALS 


• 
CONSUMER 
PRODUCTS 


10-ELEMENT BAR GRAPH ARRAY 


RED HDSP-4820 


HIGH-EFFICIENCY 
RED HDSP-4830 


YELLOW 
HDSP-4840 


HIGH PERFORMANCE 
GREEN 
HDSP-4850 I 
MUL T1COLOR HDSP-4832 
" 


MUL TICOLOR 
HDSP-4836 
-. .- 


TECHNICAL 
DATA JANUARY 1984 
". 


These 10-element 
LED arrays are designed 
to display 
infor- 
mation 
in easily recognizable 
bar graph form. The packages 
are end stackable 
and therefore 
capable 
of displaying 
long 
strings 
of information. 
Use of these 
bar graph 
arrays 
elimi- 
nates the alignment. 
intensity, 
and color 
matching 
problems 
associated 
with 
discrete 
LEOs. 
The 
HDSP-4820/-4830/ 


-4840/-4850 
each contain 
LEOs of just one color. The HDSP- 
4832/-4836 
are multicolor 
arrays 
with 
High-Efficiency 
Red. 


Yellow, 
and 
Green 
LEOs 
in a single 
package. 
CUSTOM 
MUlTICOlOR 
ARRAYSAREAVAllABlEWITH 
MINIMUM 
DELIVERY 
REQUIREMENTS, 
CONTACT 
YOUR 
lOCAL 
DISTRIBUTOR 
OR HP SALES 
OFFICE 
FOR DETAilS. 


0.38 
1---25.40(1.000) 
MAX----l 


(0.015)0J-" 
I----r- 


(o~i~) G B 
+ 
+ B B B B B B (i~) 
t 
-L 


2.54 
(0.100) 


061 
'I-I L 
2.54±0.25 
(0.024) --1-- 
,- 
(0.100 ± 0.010) 


1, DIMENSIONS IN MILLIMETRES (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS fOR 


REfERENCE 
ONLY. 
3, HDSP-4832/-4836/-4840/-4850 
ONLY. 


n 
O.~ 
-r-:+- 10,015) 
!.....--J 
7.62 ± 0.25 
I 
I(0.300 ± 0.010) 


Absolute Maximum 
Ratings[9l 


Parameter 
HDSP-4820 
HDSP-4830 
HDSP-4840 
HDSP-4850 


Average 
Power 
Dissipation 
per LED ITA= 25° C)ll 
125 mW 
125 mW 
125 mW 
125 mW 


Peak 
Forward 
Current 
per LED 
150 mAI21 
90 mAPI 
60 mAI31 
90 mAP! 


DC Forward 
Current 
per LED 
30 mA14! 
30 mAs 
20 mA:6 
30 mA7' 


Operating 
Temperature 
Range 
-400 C to +850 C 


Storage 
Temperature 
Range 
-400 C to +850 C 


Reverse 
Voltage 
per LED 
3.0 V 


Lead 
Soldering 
Temperature 
2600 C for 3 sec 
11.59 mm 11/16 inch) 
below 
seating 
plane),8: 


NOTES: 
1. Derate maximum average power above TA = 250 Cat 1.67 mW/o C. This derating assumes worst case RElJ-A= 600° C/W/LED. 
2. See Figure 1 to establish pulsed operating conditions. 
3. See Figure 6 to establish pulsed operating conditions. 
4. 
Derate maximum DC current above TA= 63° C atO.81 mAIO C per LED. This derating assumes worst case RElJ-A= 600° C/W/LED. 
With 
an improved thermal design, operation at higher temperatures without derating is possible. See Figure 2. 


5. 
Derate maximum DC current above TA= 50° C atO.6 mAIo C per LED. This derating assumes worst case RElJ-A=600° C/W/LED. 
With an 


improved thermal design, operation at higher temperatures without derating is possible. See Figure 7. 
6. 
Derate maximum DC current above TA= 70° C at 0.67 mAIo C per LED. This derating assumes worst case RElJ-A= 6000 C/W/LED. 
With 
an improved thermal design, operation at higher temperatures without derating is possible. See Figure 8. 


7. 
Derate maximum DC current above TA= 37° C at0.48 mAIo C per LED. This derating assumes worst case RElJ-A= 600° C/W/LED. 
With 
an improved thermal design, operation at higher temperatures without derating is possible. See Figure 9. 
8. Clean only in water, Isopropanol, 
Ethanoi, Freon TF or TE (or equivalenti and Genesolve 01-15 (or equivalent>. 


9. Absolute maximum ratings for the HER, Yellow, and Green elements of the multicolor 
arrays are identical to the HDSP-48301-48401 


-4850 maximum ratings. 
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Pin 
Function 
Pin 
Function 


1 
Anode 
a 
11 
Cathode 
J 


2 
Anode 
b 
12 
Cathode 
i 


3 
Anode 
c 
13 
Cathode 
h 


4 
Anode 
d 
14 
Cathode 
g 


5 
Anode 
e 
15 
Cathode 
f 


6 
Anode 
f 
16 
Cathode 
e 


7 
Anode 
g 
17 
Cathode 
d 


8 
Anode 
h 
18 
Cathode 
c 


9 
Anode 
i 
19 
Cathode 
b 


10 
Anode 
j 
20 
Cathode 
a 


HDSP-4832 
HDSP-4836 
Segment 
Segment Color 
Segment Color 


a 
HER 
HER 


b 
HER 
HER 


c 
HER 
Yel/ow 


d 
Yellow 
Yel/ow 


e 
Yellow 
Green 


f 
Yellow 
Green 


g 
Yellow 
Yel/ow 


h 
Green 
Yel/ow 


i 
Green 
HER 


j 
Green 
HER 


Electrical/Optical 
Characteristics 
at TA = 25° C[41 


RED 
HDSP-4820 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Unlts 


Luminous Intensity per LED 
{Unit Average)111 
IF 
IF=20 
mA 
610 
1250 
"cd 


Peak Wavelength 
APEAK 
655 
nm 


Dominant Wavelength,2 
Ad 
645 
nm 


Forward Voltage per LED 
VF 
IF=20 
mA 
1.6 
2.0 
V 


Reverse Voltage per LED 
VR 
IR=100"A 
3 
12(51 
V 


Temperature Coefficient VF per LED 
.:lVFJOC 
-2.0 
mV/'C 


Thermal Resistance LED Junction-to-Pin 
ReJ-PIN 
300 
'C/w/ 


LED 1-· 
. - 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity per LED 
rUnit Average)11I 
Iv 
IF = 10 mA 
750 
2280 
!LCO 


Peak Wavelength 
APEAK 
635 
nm 


Dominant Wavelength 2 
Ad 
626 
nm 


Forward Voltage per LED 
VF 
IF=20 
mA 
2.1 
2.5 
V 


Reverse Voltage per LED 
VR 
IR=100!LA 
3 
30[51 
V 


Temperature Coefficient VF per LED 
J.VF/'C 
-2.0 
mV/'C 


Thermal Resistance LED Junction-te-Pin 
ReJ-PIN 
300 
'C/w/ 


LED 


Parameter 
Symbol 
Test Condlllons 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity per LED 
(Unit Averagel"l 
Iv 
IF= 10 mA 
600 
1900 
"cd 


Peak Wavelength 
APEAK 
583 
nm 


Dominant Wavelength'2.3, 
Ad 
581 
585 
592 
nm 


Forward Voltage per LED 
VF 
IF=20 
mA 
2.2 
2.5 
V 


Reverse Voltage per LED 
VR 
IR=- 100 "A 
3 
40(51 
V 


Temperature Coefficient VF per LED 
.:lVF/'C 
-2.0 
mV/'C 


Thermal Resistance LED Junction-to-Pin 
ReJ-PIN 
300 
'C/w1 
LED 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity per LED 


(Unit Average)" 
Iv 
IF= 10 mA 
600 
1900 
"cd 


Peak Wavelength 
"'PEAK 
566 
nm 


Dominant Wavelength 2.3 
Ad 
571 
577 
nm 


Forward Voltage per LED 
VF 
IF = 10 mA 
2.1 
2.5 
V 


Reverse Voltage per LED 
VA 
IA= 100 !LA 
3 
50(51 
V 


Temperature 
Coefficient 
VF per LED 
J.VFJOC 
-2.0 
mVl'C 


Thermal Resistance LED Junction-to-Pin 
AeJ-PIN 
300 
'C/WI 


LED 


NOTES: 
1. The bar graph arrays are categorized for luminous intensity. The category is designated by a leller located on the side of the package. 
2. The dominant wavelength, Ad, is derived from the CIE chromaticity diagram and is that single wavelength which defines the colorofthe 
device. 
3. The HDSP-4832/-4836/-4840/-4850 
bar graph arrays are categorized by dominant wavelength with the category designated by a 
number adjacent to the intensity category ieller. Oniy the yellow elements of the HDSP-4832/-4836 are categorized for color. 
4. Electrical/optical 
characteristics 
of the High-Efficiency 
Red elements of the HDSP-4832/-4836 are identical to the HDSP-4830 


characteristics. Characteristics of Yellow elements of the HDSP-4832/-4836 are identical to the HDSP·4840. Characteristics of Green 
elements of the HDSP-4832/-4836 are identicai to the HDSP-4850. 
5. Reverse voitage per LED shouid be limited to 3.0 V Max. 
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Figure 1. Maximum Tolerable Peak Current vs. PulselDuration 
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Figure 2. Maximum Allowable D.C. Current per LED vs. 
Figure 3. Relative Elliciency (Luminous Intensity per Unit 


Ambient Temperature. Deratings based on Maximum 
Current) vs. Peak Segment Current 


Allowable Thermal Resistance, LED Junction-to-Ambient 
on a per LED basis. TJMAX = 1000C 
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Figure 4. Forward Current vs. Forward Voltage 
Figure 5. Relative Luminous Intensity vs. D.C. Forward Current 


For a Detailed 
Explanation 
on the 
Use of Data 
Sheet 
Information 
and 
Recommended 


Soldering 
Procedures. 
See Application 
Note 1005. 
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Figure 7. HDSP-4830 Maximum Allowable D.C. Current per LED 
vs. Ambient Temperature. Deratings Based on Maximum Allowa- 
ble Thermal Resistance Values, LED Junction-to-Ambient 
on a 


per LED basis. TJ MAX= 100° C. 


Figure 8. HDSP-4840 Maximum Allowable D.C. Current per LED 
vs. Ambient Temperature. Deratings Based on Maximum Allowa- 
ble Thermal Resistance Values, LED Junction-to-Ambient 
on a 
per LED basis. TJ MAX= 100°C. 
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Figure 9. HDSP-4850 Maximum Allowable D.C. Current per LED 
vs. Ambient Temperature. Deratings Based on Maximum Allowa- 
ble Thermal Resistance Values, LED Junction-to-Ambient 
on a 


per LED basis. TJ MAX= 100°C. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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These versatile bar graph arrays are composed of ten light 
emitting 
diodes. 
The 
light 
from 
each 
LED is optically 
stretched 
to form 
individual 
elements. The diodes in the 
HDSP-4820 bar graph utilize a Gallium Arsenide Phosphide 
(GaAsPl epitaxial layer on a Gallium Arsenide (GaAs) Sub- 
strate. The HDSP-4830/-4840 
bar graphs utilize a GaAsP 
epitaxial layer on a GaP substrate to produce the brighter 
high-efficiency 
red and yellow displays. The HDSP-4850 bar 
graph array utilizes a GaP epitaxial layer on a GaP substrate. 
The 
HDSP-4832/-4836 
multicolor 
arrays 
have high effi- 
ciency red, yellow, and green LEOs in one package. 


These display devices are designed to allow strobed opera- 
tion. The typical forward voltage values, scaled from Figure4 
or 11, should 
be used for calculating 
the current limiting 
resistor value and typical power dissi pation. Expected maxi- 
mum VF values, for the purpose of driver circuit design and 
maximum 
power dissipation, 
may be calculated 
using the 


following 
VF MAXmodels. 


HDSP-4820 
(Red) 


VF MAX= 1.75 V + IPEAK(12.50) 


For: IPEAK~ 5 mA 


HDSP-4830/-4840 
(High 
Efficiency 
Red/Yellow) 


VF MAX= 1.75V + IpEAK(380) 


For IpEAK~ 20 mA 


VF MAX= 1.6V + IDC(450) 


For: 5 mA S;IDCS;20 mA 


HDSP-4850 
(Green) 


VF MAX= 2.0V + IPEAK(500) 


For: IpEAK> 5 mA 


Refresh rates of 1 KHz or faster provide the most efficient 
operation resulting in the maximum possible time averaged 
luminous intensity. 


The time averaged luminous 
intensity 
may be calculated 


using the relative efficiency characteristic 
shown in Figures 


3 and 10. The time averaged luminous 
intensity 
at TA = 
25°C is calculated as follows: 


I IFAVG l 
Iv TIMEAVG= ~F SPECAV~ ('1IPEAK)(Iv SPEC) 


Example: For HDSP-4830 operating at IPEAK= 50 mA, 1 of 4 
Duty Factor 


[: 
2.5 mAl 
Iv TIMEAVG= 
10 mAj (1.3512280 !'cd = 3847 !,cd 


For Further 
Information 
Concerning 
Bar Graph 
Arrays 
and Suggested 
Drive 
Circuits, 


Consult 
HP Application 
Note 
1007 
Entitled 
"Bar Graph 
Array 
Applications". 
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Features 
• 
EXCELLENT 
RESOLUTION 
(1%) 


• 
EXCELLENT 
ELEMENT 
APPEARANCE 


Wide, Easily Recognizable 
Elements 


Matched 
LEDs for Uniformity 


Excellent 
Element 
Alignment 


Easy Readability 
at 1 Meter 


• 
SINGLE-IN-L1NE 
PACKAGE 
DESIGN 


Sturdy 
Leads on Industry 
Standard 
2.54mm 


(0.100") 
Centers 


Environmentally 
Rugged 
Package 


Common 
Cathode 
Configuration 


• 
LOW POWER REQUIREMENTS 
As low as 1.0 - 1.5 mA average per element 
depending 
on Peak Current 
Levels. 


• 
SUPPORT 
ELECTRONICS 


Easy Interface 
with 
Microprocessors 


101 ELEMENT 
BAR GRAPH ARRAY 
• 


•• 
- . 


The 
HDSP-8820 
is a 101-element 
monolithic 
LED 
linear 


array. 
It is designed 
to display 
information 
in easily 
recog- 


nizable 
bar graph 
or position 
indicator 
form. 
The 
device 
utilizes 
GaAsP LED chips 
assembled 
on a PC board which 


is enclosed 
in a red polycarbonate 
cover 
with 
an epoxy 
backfill 
seal. The 
common 
cathode 
chips 
are addressed 


via 22 single-in-line 
pins extending 
from 
the back side of 


the package. 


Applications 


• 
INDUSTRIAL 
PROCESS 
CONTROL 
SYSTEMS 


• 
EDGEWISE 
PANEL 
METERS 


• 
INSTRUMENTATION 


• 
POSITION 
INDICATORS 


• 
FLUID 
LEVEL INDICATORS 


package Dimensions 
(1, 21 


,25 x .76 
1.010 x .030) 
:7\ 
PROTECTIVE 
RAILS 
"- 


10 o~-II 
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(390 
~ 
-======================~. 
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105.3' 0.3 
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~("'64'0111 
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(.2361. 
.OOSI I 
.pJN 
1 .. 131 
:rT PIN 
lQCA TlOf.JS ON 
PIN 37 /:1' 
7.15' O.iS --.. 
.. 
LOCATION 
2,54 mm (.100"1 CE"NTEf\S 
LOCATION· 
(.282".0061 
914 
013 
NOTES: 
~j"--------(3.60: 
.005,---------· 


1. ALL 
OlMENSIONS 
IN MllllMETRES 
AND 
(INCHES). 
2 
ALL 
UNTOlERANCED 
DIMENSIONS 
ARE 
FOR REFERENCE 
ONLY' 
3. PIN 1 IDENTIFIED 
BY INK DOT 
ADJACENT 
TO LEAD 
AND 
HP 
PART 
NUMBER 
ON BACK 
OF PACKAGE. 
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Internal Circuit Diagram 
(4, 5) 
Device Pin Description 


PIN 


LOCATION 
FUNCTION 


1 
CO 
2 
A4 
3 
C,,5 


4 
No Pin' 
5 
C10 


6 
A1 
7 
A8 
8 
No Pin 
9 
C20 


10 
No Pin 


11 
A,5 


12 
No Pin 
13 
C30 


14 
No Pin 
15 
A7 
16 
No Pin 
17 
C40 


18 
No Pin 
19 
A2 
20 
No Pin 
21 
C50 


22 
No Pin 
23 
A3 
24 
No Pin 
25 
C60 


26 
No Pin 
27 
A10 
28 
No Pin 
29 
C70 
30 
No Pin 
31 
A9 
32 
No Pin 
33 
C80 
34 
A5 
35 
A6 
36 
No Pin 
37 
COO 


C'~~ 
@A' 


co 
Al 


A, 


A, 


A, 


A5 


A, 


A, 


As 


A, 


A,o 


, 
, 


~ 
~ 
~ 
34 


:0; 


~ 
~S~ 
5 


I 
I 
~ 
! 


C40@---1 


C50@--1 
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GROUPSOF 
TEN ELEMENTS 


@ 
I 
I 
I 
I 
I 
I 
I 
I 


31 


NOTES, 
4. ELEMENT 
LOCATION 
NUMBER:: 
COMMON 
CATHODE 
NUMBER 
+ ANODE 
NUMBER. 


FOR 
EXAMPLE, 
ELEMENT 
83 IS OBTAINED 
BY ADDRESSING 
ceo AND 
A3. 


5. A' AND 
C' ARE 
ANODE 
AND 
CATHODE 
OF ELEMENT 
ZERO. 


Parameter 
HDSP-8820 


Average Power per Element, TA = 25° C 
15 mW 


Peak Forward Current per Element, TA = 25° C I Maximum Pulse Width = 300 J.LS 61 
200 mA 


Average Forward Current per Element, TA = 25° C 7 
7 mA 


Operating Temperature Range 
-40° C to +85° C 


Storage Temperature Range 
-40° C to +85° C 


Reverse Voltage per Element 
5V 


Lead Solder Temperature, 1.59 mm (1/16 
inchl Below Seating Planes 
260°C for 
3 seconds 


NOTE: 
6. See Figure 1 to establish pulsed operating conditions. 
7. Derate maximum average forward current above TA ~ 70°C 
at 0.16 mAIo C per element. See Figure 2. 
I'· 
.. 


8. Clean only in water, Isopropanol, Ethanol. Freon TF or TE (or 
equivalentl, 
or Genesolv DI-15 or DE-15 (or Equivalent). See 


mechanical section of this data sheet for information 
on wave 
soldering conditions. 


Electrical/Optical 
Characteristics 
at TA = 25°C 


Parameter 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Time averaged Luminous 
Intensity per Element 
100 mA Pk,: 1 of 110 


(Unit average I 9 
IV 
Duty Factor 
8 
20 
p;cd 


Peak Wavelength 
'\PEAK 
655 
nm 


Dominant Wavelength 
10 
Ad 
640 
nm 


Forward Voltage per Element 
VF 
IF = 100 mA 
1,7 
2.1 
V 


Reverse Voltage per Element 
VR 
IR = 100 p.A 
3.0 
V 


Temperature 
Coefficient 
VF per Element 
J.VF/oC 
-2.0 
mVrC 


Thermal Resistance LED Junction-to-Pin 
R('1J-PIN 
700 
°CIW/ 


LED 


Notes: 
9. Operation at peak currents of less than 15 mA is not recommended. Display aesthetics are specified at 100 mA, 1 of 110 DF. 
10. The dominant wavelength, 
Ad, is derived from the CIE chromaticity 
diagram and is that single wavelength which defines the color 


of the device. 
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OPERATION 
IN 


THIS 
REGION 


REQUIRES 
TEMPERATURE 
4 
DERATING 
OF 


I 
loe MAX. 


Figure 2. Maximum Allowable D.C. Current per 
LED vs. Ambient Temperature. Deratings based 
on Maximum Allowable Thermal Resistance, 
LED Junction-to-Ambient 
on a per LED basis. 


TJMAX ~ 115°C 


./ V 
/ 


Figure 3. Relative Efficiency (Luminous Intensity per Unit 
Current) vs. Peak Segment Current 
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operational Considerations 


ELECTRICAL 


The 
HDSP·8820 
is a 101 element 
monolithic 
bar graph 
array. The device 
utilizes 
GaAsP red LED chips assembled 
on a PC board 
which 
is enclosed 
in a red polycarbonate 
cover 
with 
an 
epoxy 
backfill 
seal. 
The 
linear 
array 
is 
arranged 
as ten 
groups 
of 
ten 
LED 
elements 
iJlus one 
additional 
element. 
The ten elements 
of each group 
have 
common 
cathodes. 
Like 
lements 
in the ten groups 
have 
common 
anodes. 
The device 
is addressed 
via 22 single·in· 
line pins extending 
from the back side of the display. 


This 
display 
is designed 
specifically 
for 
strobed 
(mult· 
plexed) 
operation. 
Minimum 
peak forward 
current 
at which 
all elements 
will be illuminated 
is 15 mA, 1/110 OF. Display 
aesthetics 
are specified 
at 100 mA, 1/110 OF, peak forward 
current. 
The 
typical 
forward 
voltage 
values, 
scaled 
from 
Figure 4, should 
be used for calculating 
the current 
limiting 
resistor 
value 
and 
typical 
power 
dissipation. 
Expected 
maximum 
VF values, for the purpose 
of driver circuit 
design 
and maximum 
power 
dissipation, 
may be calculated 
using 
the following 
VF model: 


HDSP-8820 


VFMAX= 2.02 V + IPEAKL8 m 
For IpEAK> 40 mA 


The time averaged 
luminous 
intensity 
at TA= 25° C may be 
calculated 
using: 


Iv Time 
Avg. = [I 
IF-AVG 1. 7)IPEAK• IV-SPEC 


F-SPEC-AV~ 


where 
7), relative 
luminous 
efficiency 
may be determined 
from 
Figure 3. 


The circuit 
in Figure 
5 displays 
binary 
weighted 
input 
in 
bar 
graph 
form 
with 
101 
bit 
resolution. 
Central 
to 
the 
design 
is a 74390 
100 
count 
decade 
counter. 
The 
"1's" 


output 
from the counter 
drives the display 
element 
anodes 


through 
a 7442 1 of 10 BCD decoder. 
Sprague 
UDN 2585 
drivers 
boost 
peak 
current. 
The 
"1 a's" 
output 
from 
the 
counter 
drives 
the group 
cathodes 
through 
a 74145 
1 of 
10 BCD 
decoder. 
A 74393 
seven 
bit 
binary 
counter 
fol- 
lows 
the 
decade 
counter 
and 
is 
reset 
after 
each 
100 
counts. 
A 74LS85 
binary 
comparator 
looks 
at inputs 
from 
the binary 
counter 
and external 
circuitry. 
The comparator 
output 
disables 
the display 
when the binary count 
exceeds 
the binary 
weighted 
input. 
The first display 
element 
is DC 
driven. 


The circuit 
in Figure 
6 uses the 
HDSP-8820 
as a 100 bit 
position 
indicator. 
Two 
BCD input 
words 
define 
the posi- 
tion 
of the illuminated 
element. 
Display 
duty factor, 
1/100, 


is controlled 
by the ENABLE 
signal. 


Suitable 
conditions 
for 
wave 
soldering 
depend 
on 
the 


specific 
kind 
of equipment 
and 
procedure 
used. 
A cool 
down 
period 
after 
flow 
solder 
and 
before 
flux 
rinse 
is 


recommended. 
For 
more 
information, 
consult 
the 
local 
Hewlett-Packard 
Sales 
Office 
or 
Hewlett-Packard 
Opto- 
electronics, 
Palo Alto, 
California. 


iVcc 
:l 
LR 
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NE555 
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HDSP-8820 


lKn 
Vu 
• 
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27 
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15 
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10.5 
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,¢C.v. 
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~D 
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Vee 
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3 
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As 
BCD 
4 
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Ae 
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z) 
C 
7 
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Aa 
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19 
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'5 
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A 
A 
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29 
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7 
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'4 
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-= 
B 
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3. Solid State Displays 


• Alphanumeric 
Displays 
• Alphanumeric 
Display 
Systems 
• 
Red, High Efficiency Red, 
Yellow and Green Seven 
Segment Displays 


• 
Red Hexadecimal 
and 
Numeric Dot Matrix 
Displays 
• 
High Efficiency Red, 
Yellow and Green 
Hexadecimal 
and 
Numeric Displays 


• 
Red Seven Segment 
Displays 


Flio- HEWLETT 
~~ 
PACKARD 


Solid State Displays 


Hewlett-Packard's 
line of Solid 


State Displays answers all the 
needs of the designer. From 
alphanumeric 
displays to low 
cost numeric 
displays in sizes 
from 3 mm (.15 in.) to 20 mm 
(.8 in.) and colors of red, high 
efficiency 
red, yellow, and high 
performance 
green, the 
selection 
is complete, 


Hewlett-Packard's 
5 x 7 dot 
matrix alphanumeric 
display 
line comes in 3 character 
sizes: 
3,8 mm (.15 in.), 5 mm (.2 in.), 
and 6.9 mm (.27 in,), In turn, 
there are now 4 colors 
available 
for each 
size: 


standard 
red, yellow, high 
efficiency 
red, and green. This 
wide variety of package 
sizes 
and colors makes these 
products 
ideal for a variety of 
applications 
in avionics, 
industrial control, and 
instrumentation. 


For military applications, 
we 
offer 5 x 7 dot matrix 
alphanumeric 
displays with 
extended 
temperature 
range 
capabilities 
in three package 
sizes: 3.8 mm (.15 in.), 5 mm 
(,2 in.), and 6.9 mm (.27 in.). 


The 5 mm (.2 in.) and 6.9 mm 
(.27 in.) versions have the 
additional 
feature 
of having a 
true hermetic 
seal and an 
even wider operating 
temperature 
range than the 
3.8 mm (.15 in.) package. 
The 
capability 
these parts offer 
truly establishes Hewlett- 
Packard as a leader in displays 
for military applications. 


Hewlett-Packard's 
line of 
numeric 
seven segment 
displays is one of the broadest. 
From low cost. standard 
red 
displays to high light ambient 
displays producing 
7.0 
mcd/segment. 
HP's ,3 in., .43 
in" ,56 in" and ,8 in, characters 
can provide a solution to every 
display need. HP'slatest 
product 
offerings include 


.56 in. dual digit displays and a 


new line of small package, 
bright .3 in. displays - 
the .3 in. 


Microbright, 
These displays are 


ideal for displaying 
numeric 


information 
in electronic 


instrumentation, 
point-of-sale 


equipment, 
appliance, 
and 


automotive 
instrumentation. 


Integrated 
numeric 
and 


hexadecimal 
displays (with 


on-board 
Ie's) solve the 


designer's decoding/ 
driving 


problem. 
They are available 
in 


plastic packages 
for general 
purpose usage, ceramic/glass 
packages 
for industrial 
applications, 
and hermetic 


packages 
for high reliability 


applications. 
Thisfamily of 


displays has been designed 
for 


ease of use in a wide range of 
environments. 
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Device 
Description 
Color 
Application 
No. 


HDSP-2000 
3.7 mm (.15") 5 x 7 Four 
Red 
· 


Computer Terminals 
3-14 
Character Alphanumeric 
· 
Business Machines 


HDSP-2001 
12 Pin Ceramic 7.62 mm 
Yellow 
· 


Medical Instruments 


D 
~ 


· 


Portable. Hand-held or 
'-----' 
(.3") DIP with 
untinted 
mobile data entry. read- 


1':-- 


HDSP-2002 
glass lens 
High Efficiency 
Red 
out or communications 
.. -_. 


For further information 
see 


HDSP-2003 
High Performance 
Application 
Note 1016. 


~ 
Green 


HDSP-2010 
Extended Temperature to 
Red, Red Glass 
· 
Extended temperature 
3-18 
TA = -40°C 
Contrast Filter 
applications 
requiring 
3.7 mm (.15") 5 x 7 Four 
high reliability. 


Character Alphanumeric 
· 


Avionics 


HDSP-2010 
TXV Hi Rei Screened 
For further information 
see 
TXV 
Application 
Note 1016. 
HDSP-2010 
TXVB Hi Rei Screened 


TXVB 


HDSP-2300 
4.87 mm (.19") 5 x 7 Four 
Red 
· 


Medical Equipment 
3-24 
m 
~ 


Character Alphanumeric, 
· 


Industrial 
and Process 


,'- ---~~ 
HDSP-2301 
12 Pin Ceramic 6.35 mm 
Yellow. High Brightness 
control 


.... - - ~ 
(.25") DIP/Low Power 
· 


Computer Peripherals 
,,'"----'u 
and Terminals 
8:------:8 
HDSP-2302 
High Efficiency 
Red. 
::"---';2 
::- - - - ~: 
High Brightness 


HDSP-2303 
High Performance Green, 
High Brightness 


HDSP-2310 
Hermetic Extended 
Standard Red 
· 


Military 
Equipment 
3-30 


HDSP-2310 
Temperature Range 
TXV - 
High Rei 
· 


Avionics 


~ 
~ 


TXV 
5.0 mm (.20") 5 x 7 Alpha- 
Screened 
· 
High Rei Industrial 


"'----' 
numeric, 12 Pin Ceramic 
Equipment 


~___i 
HDSP-2310 
635 mm (.25") DIP/Low 
TXVB -High 
Rei 
· 


Ground Support, Cockpit, 


TXVB 
Power 
Screened to Level A 
Shipboard Systems 
~___1 
MIL-D-87157 


C~~J 
HDSP-2311 
Yellow 


HDSP-2311 
TXV - 
High Rei 
TXV 
Screened 


HDSP-2311 
TXVB - 
High Rei 
TXVB 
Screened to Level A 
MIL-D-87157 


HDSP-2312 
High Efficiency Red 


HDSP-2312 
TXV - 
High Rei 
TXV 
Screened 


HDSP-2312 
TXVB - 
High Rei 
TXVB 
Screened to Level A 
MIL-D-87157 


HDSP-2450 
Hermetic Extended 
Red 
I: 


Military 
Equipment 
3-41 
Temperature Range to 
High Reliability 


~ 


HDSP-2450 
TA = -55°C 
TXV - 
Hi Rei Screened 
Applications 
r 


TXV 
6.9 mm (.27") 5 x 7 Four 
· 


Avionics 


'- 
___ 
.J 
~ 
Character Alphanumeric 
TXVB - 
Hi Rei Screened · 
Ground Support, Cockpit, 
HDSP-2450 


~ 
TXVB 
28 Pin Ceramic 15.24 mm 
to Level A MIL-D-87157 
Shipboard Systems 


~ 


(.6") DIP 


~ 


HDSP-2451 
Yellow 


LJ 
~ 


HDSP-2451 
TXV - 
Hi Rei Screened 
-- 
, 


TXV 


~ 
HDSP-2451 
TXVB - 
Hi Rei Screened 
TXVB 
to Level A MIL-D-87157 


HDSP-2452 
High Efficiency Red 


HDSP-2452 
TXV - 
Hi Rei Screened 
TXV 


HDSP-2452 
TXVB - 
Hi Rei Screened 
TXVB 
to Level A MIL-D-87157 


I· 
- - 


Page 
Device 
Description 
Color 
Application 
No. 


HDSP-2490 
6.9 mm (.27") 5 x 7 Four 
Red 
· 
Computer Base Mobile Units 
3-37 


~ ___ J 
, 
Character Alphanumeric 
· 
High Brightness Ambient 


HDSP-2491 
28 Pin Ceramic 15.24 mm 
Yellow, High Brightness 
Systems 


I 
(6") DIP 
· 
Industrial and Process 
••.___ .l 


Control 
~ 
HDSP-2492 
High Efficiency Red, 


L ___ J 
- 
High Brightness 
For further information 
see 
'- 
c:; 
HDSP-2493 
High Performance Green. 
Application 
Note 1016. 


:"___J 
High Brightness 


5082-7100 
6.9 mm (.27") 5 x 7 Three 
Red, Untinted Glass Lens 
General Purpose Market 
3-48 


Digit Alphanumeric 
· 
Business Machines 


~ D 


22 Pin Ceramic 15.2 mm 
· 
Calculators 
(.6") DIP 
· 
Solid State CRT 


5082-7101 
6.9 mm (.27") 5 x 7 Four 
· 
High Reliability Applications 


Digit Alphanumeric 
28 Pin Ceramic 15.2 mm 
(6") DIP 


5082-7102 
6.9 mm (.27") 5 x 7 Five 
Digit Alphanumeric 
36 Pin Ceramic 
15.2 mm (6") DIP 


II] 


HDSP-6504 
3.8 mm (.15") Sixteen 
Red 
· 
Computer Terminals 
3-52 


Segment Four Character 
· 
Hand Held Instruments 


Alphanumeric 22 Pin 
· 
In-Plant Control Equipment 


152 mm (.6") DIP 
· 
Diagnostic Equipment 


HDSP-6508 
3.8 mm (.15") Sixteen 
Segment Eight Character 
Alphanumeric 
26 Pin 
15.2 mm (.6") DIP 
I 


- 
HDSP-6300 
3.56 mm (.14") Sixteen 
· 


Computer Peripherals and 
3-58 
· 
, 
Segment Eight Character 
Terminals 
· 
, 
· 
, 
Alphanumeric 26 Pin 
· 
Computer Base Emergency 
· 
, 
· 
, 


15.2 mm (.6") DIP 
Mobile Units 
~ 


g 
g 
· 
Automotive 
Instrument 
c 
, 
, 
, 
Panels 
c 
, 
c 
, 


Desk Top Calculators 
· 
- 
· 
Hand-Held Instruments 
19 
For further information 
ask for 
Application 
Note 1003. 
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Device 
Description 
Package 
Application 
No. 


HDSP-2416 
Single-Line 16 Character 
162.56 mm (6.4") L x . Data Entry Terminals 
3-63 
~ 
~ 
Display Panel Utilizing 
58.42 mm (2.3") H x . Instrumentation 
1,,-;-- J![ '" I 


"," 
°e 
the HDSP-2000Display 
7.11 mm (28") D 
== 
HDSP-2424 
Single-Line 24 Character 
0 
09 
Display Panel Utilizing 
[ 


09, I 


the HDSP-2000Display 


091 
HDSP-2432 
Single-Line 32 Character 


OJ; 
Display Panel Utilizing 


rl 
09' : 
the HDSP-2000Display 


US 


HDSP-2440 
Single-Line 40 Character 
17780 mm (7.0") L x 
• 
Display Panel Utilizing 
58.42 mm (2.3") H x 
0 o 0 


the HDSP-2000Display 
7.11 mm (.28") D 


. ~ 
~ 0 
fi>" 
" e 
HDSP-2470 
HDSP-2000Display Inter- 
171.22 mm (6.74") L x 


face Incorporating 
a 64 
58.42 mm (2.3") H x 


FhA 01$ 
Character ASCII Decoder 
16.51 mm (.65") D 


HDSP-2471 
HDSP-2000Display Inter- 
face Incorporating 
a 128 
Character ASCII Decoder 


Description 


HDSP-2472 
HDSP-2000Display Inter- 
face without ASCII De- 
coder. Instead, a 24 Pin 
Socket is Provided to 
Accept a Custom 128 
Character Set from a 
User Programmed 1K x 
8 PROM 


Single-line 16 Character 
Alphanumeric 
Display 
System Utilizing the 


HDSP-6508 Display 


Single-line 24 Character 
Alphanumeric 
Display 
System Utilizing the 
HDSP-6508Display 


Single-line 32 Character 
Alphanumeric 
Display 
System Utilizing the 
HDSP-6508Display 


Single-line 40 Character 
Alphanumeric 
Display 
System Utilizing the 
HDSP-6508Display 


·=~Ii 


HDSP-8716 


"! 


I: ! 


HDSP-8724 


, 


~ 


0 
,,;:5 .. 
0 


~ 


0 
0 
HDSP-8732 


.. ,:' 
1 


::::: 


HDSP-8740 
n: 
I' 
~, 


;::;: 


"',' 
..L 
:~.~ 
0 
0 


167.64 mm (6.6") Lx 
58.42 mm (2.3") H x 
33 mm (1.3") D 


• 
Data Entry Terminals 


• 
Instrumentation • 
218.44 mm (8.6") Lx 
58.42 mm (2.3") H x 
33 mm (1.3") D 


269.24 mm (10.6") Lx 
58.42 mm (23") H x 
33 mm (1.3") D 


Red, High Efficiency Red, Yellow, and High Performance 
Green Seven 
Segment 
LED Displays 
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Package 
Device 
Description 
Typical 
Iv @ 20 mA DC 
No. 


HDSP-7301 
Red, Common Anode, RHDP 
1000 /lcd Iseg 
3-87 


HDSP-7302 
Red, Common Anode, RHDP,Colon 
HDSP-7303 
Red, Common Cathode, RHDP 


~ 
~ 


HDSP-7304 
Red, Common Cathode, RHDP,Colon 


:=0: 
HDSP-7307 
Red, Overflow, ±1, Common Anode 


+ 
• 
... 
. 
HDSP-7308 
Red, Overflow, ±1, Common Cathode 


HDSP-7311 
Bright Red, Common Anode, RHDP 
1350 /lcd Iseg 


HDSP-7313 
Bright Red, Common Cathode, RHDP 


7.62 mm (.3") 
HDSP-7317 
Bright Red, Overflow, ±1, Common Anode 
Microbright 
HDSP-7318 
Bright Red, Overflow, ±1, Common Cathode 
Dual-in-Line 
HDSP-7401 
Yellow, Common Anode, RHDP 
2750/lcd/seg 
,5" H x .3" W x .24" D 


HDSP-7402 
Yellow, Common Anode, RHDP,Colon 


HDSP-7403 
Yellow, Common Cathode, RHDP 


HDSP-7404 
Yellow, Common Cathode, RHDP,Colon 


HDSP-7407 
Yellow, Overflow, ±1, Common Anode 


HDSP-7408 
Yellow, Overflow, ±1, Common Cathode 


HDSP-7501 
High Efficiency Red, Common Anode, RHDP 
3600 /lcd Iseg 


HDSP-7502 
High Efficiency Red, Common Anode, RHDP,Colon 
HDSP-7503 
High Efficiency Red, Common Cathode, RHDP 


HDSP-7504 
High Efficiency Red, Common Cathode, RHDP,Colon 


HDSP-7507 
High Efficiency Red, Overflow, ±1, Common Anode 


HDSP-7508 
High Efficiency Red, Overflow, ±1, Common Cathode 


HDSP-7801 
High Performance Green, Common Anode, RHDP 
3250 /lcd Iseg 


HDSP-7802 
High Performance Green, Common Anode, RHDP,Colon 
HDSP-7803 
High Performance Green, Common Cathode, RHOP 


HDSP-7804 
High Performance Green, Common Cathode, RHDP,Colon 


HDSP-7807 
High Performance Green, Overflow, ±1, Common Anode 


HDSP-7808 
High Performance Green, Overflow, ±1, Common Cathode 


Red, High Efficiency Red, Yellow, and High Performance 
Green Seven 
Segment 
LED Displays (continued) 


Page 


Package 
Device 
Description 
Typical Iv @ 20 mA DC 
No. 


5082-7730 
Red. Common Anode, LHDP 
700 !,cd/seg 
3-93 


5082-7731 
Red. Common Anode. RHDP 
- 
,.-- 
5082-7736 
Red. Common Anode, Polarity and Overflow Indicator 
- 
. 


:0=0: 
· . 
5082-7740 
Red. Common Cathode. RHOP 


• a 
O' 
5082-7610 
High Efficiency Red. Common Anode. LHOP 
3000 !,cd / seg 
3-97 
,,0=°0 
:0 0: 
. 
+ 
· 


o 
~ 
5082-7611 
High Efficiency Red. Common Anode, RHDP 
, . 


5082-7613 
High Efficiency Red. Common Cathode. RHDP 
- 
- 
5082-7616 
High Efficiency Red, Universal Polarity Overflow Indicator. 
RHDP 
7.62 mm (.3") 
5082-7620 
Yellow, Common Anode. LHDP 
2300 !,cd/seg 
Dual-in-line 
.75" H x A" W x 18" D 
5082-7621 
Yellow, Common Anode. RHDP 


5082-7623 
Yellow, Common Cathode. RHDP 


5082-7626 
Yellow. Universal Polarity and Overflow Indicator. 
RHDP 


HDSP-3600 
High Performance Green, Common Anode. LHDP 
2750 !,cd/seg 


HDSP-3601 
High Performance Green, Common Anode. RHDP 


HDSP-3603 
High Performance Green, Common Cathode, RHDP 


HDSP-3606 
High Performance Green. Universal Overflow Indicator 


5082-7750 
Red. Common Anode, LHDP 
700 !'cd /seg 
3-93 


5082-7751 
Red. Common Anode, RHDP 


+ 
+ 
, 
5082-7756 
Red. Universal Polarity and Overflow Indicator, 
RHDP 


. =~ 
: 
0 If 


5082-7760 
Red, Common Cathode, RHDP 
: 0= : 
5082-7650 
High Efficiency Red, Common Anode, LHDP 
3000 !,cd / seg 
3-97 
:0=0: '=0' 
a 
. 
. 
0 
0 
5082-7651 
High Efficiency Red, Common Anode, RHDP 
~ 
? 
+ 
5082-7653 
High Efficiency Red, Common Cathode, RHDP 


5082-7656 
High Efficiency Red, Universal Polarity and Overflow 
Indicator, 
RHDP 


10.92 mm (A3") 
5082-7660 
Yellow, Common Anode, LHDP 
2300 !,cd/seg 
Dual-in-line 
5082-7661 
Yellow, Common Anode, RHDP 
.75" H x .5" W x .25"D 
5082-7663 
Yellow, Common Cathode, RHDP 


5082-7666 
Yellow, Universal Polarity and Overflow Indicator, 
RHDP 


HDSP-4600 
High Performance Green, Common Anode, LHDP 
3100 !,cd/seg 


HDSP-4601 
High Performance Green, Common Anode, RHDP 


HDSP-4603 
High Performance Green, Common Cathode, RHDP 


HDSP-4606 
High Performance Green, Universal Overflow Indicator 


Red, High Efficiency Red, Yellow, and High Performance 
Green Seven 
Segment 
LED Displays (continued) 


Page 
Package 
Device 
Description 
Typical Iv @ 20 mA DC 
No. 


HDSP-5301 
Red. Common Anode, RHDP 
1200 !,cd Iseg 
3-104 


HDSP-5303 
Red, Common Cathode, RHDP 
[BJ 


HDSP-5307 
Red ±1, Common Anode 


HDSP-5308 
Red ±1, Common Cathode 
b99 


HDSP-5321 
Red, Common Anode, Dual Digit, RHDP 


HDSP-5323 
Red, Common Cathode, Dual Digit, RHDP 


HDSP-5501 
High Efficiency Red, Common Anode, RHDP 
5800 !,cd Iseg 


~ 


HDSP-5503 
High Efficiency Red, Common Cathode, RHDP 


HDSP-5507 
High Efficiency Red ±1, Common Anode 
=0 


HDSP-5508 
High Efficiency Red ±1, Common Cathode 


HDSP-5521 
High Efficiency Red, Common Anode, Dual Digit, RHDP 
++.0 
HDSP-5523 
High Efficiency Red, Common Cathode, Dual Digit, RHDP 


14.2 mm (.56") 
HDSP-5601 
High Performance Green, Common Anode, RHDP 
3450 !,cd I seg 


Dual-in-Line (Single Digit) 
HDSP-5603 
High Performance Green, Common Cathode, RHDP 


.67" H x .49" W x .31" D 
HDSP-5607 
High Performance Green, Common Anode Overflow 
Indicator 


HDSP-5608 
High Performance Green, Common Cathode Overflow 
Indicator 
'llS 


HDSP-5621 
High Performance Green, Common Anode, Dual Digit, RHDP 


HDSP-5623 
High Performance Green, Common Cathode, Dual Digit, 


gIG 


RHDP 


HDSP-5701 
Yellow, Common Anode, RHDP 
4200 !,r.d/seg 


HDSP-5703 
Yellow, Common Cathode, RHDP 


14.2 mm (.56") 
HDSP-5707 
Yellow ±1, Common Anode 
Dual-in-Line (Dual Digit) 
HDSP-5708 
Yellow ±1, Common Cathode 


.67" H x 1.0" W x .31" D 
HDSP-5721 
Yellow, Common Anode, Dual Digit, RHDP 


HDSP-5723 
Yellow, Common Cathode, Dual Digit, RHDP 


HDSP-3400 
Red, Common Anode, LHDP 
1200 !,cd/seg 
3-112 


HDSP-3401 
Red, Common Anode, RHDP 


t '=0' 


HDSP-3403 
Red, Common Cathode, RHDP 


UL~ 


HDSP-3405 
Red, Common Cathode, LHDP 


HDSP-3406 
Red, Universal Polarity Overflow Indicator, 
RHDP 


iLD~ 


HDSP-3900 
High Efficiency Red, Common Anode, LHDP 
4800 !,cd Iseg 


HDSP-3901 
High Efficiency Red, Common Anode, RHDP 
o 
0 
HDSP-3903 
High Efficiency Red, Common Cathode, RHDP 
HDSP-3905 
High Efficiency Red, Common Cathode, LHDP 
HDSP-3906 
High Efficiency Red, Universal Polarity Overflow 
... 
... 
Indicator, 
RHDP 


: 
0 m 
HDSP-4200 
Yellow, Common Anode, LHDP 
3400 !,cd Iseg 
:Oa: 
HDSP-4201 
Yellow, Common Anode, RHDP 


... 
... 
HDSP-4203 
Yellow, Common Cathode, RHDP 


.•. 
O' 
HDSP-4205 
Yellow. Common Cathode, LHDP 
HDSP-4206 
Yellow, Universal Polarity Overflow Indicator, RHDP 


HDSP-8600 
High Performance Green, Common Anode, LHDP 
3600 !,cd Iseg 
20 mm (.8") 
HDSP-8601 
High Performance Green, Common Anode, RHDP 


Dual-in-Line 
HDSP-8603 
High Performance Green, Common Cathode, RHDP 


1.09" Hx .78" W x .33" D 
HDSP-8605 
High Performance Green, Common Cathode, LHDP 
HDSP-8606 
High Performance Green, Universal Overflow Indicator 


• 


" 
- - 


Hinh Amhi~nt 
I '"ht 
I-li,.,h~ffi"i,",~""" 
D,...,.j 
V~II_ 
••• 


HDSP-3530 
High Efficiency Red, Common Anode, LHDP 


. 
- 
-0=0' 
~U=O~ 
. . 


7.62 mm (.3") 
Dual-in-Line 
.75" H x.4" 
W x .18" D 


HDSP-3531 
High Efficiency Red, Common Anode. RHDP 


HDSP-3533 
High Efficiency Red, Common Cathode, RHDP 


HDSP-3536 
High Efficiency Red, Universal Polarity Overflow Indicator, 
RHDP 


HDSP-4033 
Yellow, Common Cathode, RHDP 


HDSP-4036 
Yellow, Universal Polarity Overflow Indicator, RHDP 


HDSP-3600 
High Performance Green, Common Anode. LHDP 


HDSP-3601 
High Performance Green. Common Anode. RHDP 


HDSP-3730 
High Efficiency Red, Common Anode. LHDP 


HDSP-3731 
High Efficiency Red, Common Anode, RHDP 


HDSP-3733 
High Efficiency Red, Common Cathode, RHDP 


HDSP-3736 
High Efficiency Red, Universal Polarity Overflow Indicator, 
RHDP 


10.92 mm (.43") 
HDSP-4131 
Yellow, Common Anode, RHDP 
Dual-in-Line 
.75" H x .5" W x .25" D 
HDSP-4133 
Yellow, Common Cathode, RHDP 


HDSP-4136 
Yellow. Universal Polarity Overflow Indicator, RHDP 


HDSP-4600 
High Performance Green, Common Anode, LHDP 


HDSP-4601 
High Performance Green, Common Anode, RHDP 


HDSP-4603 
High Performance Green, Common Cathode, RHDP 


5000l'cd / seg 
(90 mA Peak 


1/3 Duty Factor) 


5000l'cd / seg 
(90 mA Peak 
1/3 Duty Factor) 


High Ambient Light, High Efficiency Red, Yellow, and High Performance 
Green Seven Segment Displays (continued) 


Typical Iv @ 100 mA Peak 
Page 


Package 
Oevice 
Oescriptlon 
1/5 Duty Factor 
No. 


HDSP-5531 
High Efficiency Red. Common Anode, RHDP 
7000l'cd 1seg 
3-119 


ISI 


HDSP-5533 
High Efficiency Red, Common Cathode, RHDP 


HDSP-5537 
High Efficiency Red ±1, Common Anode 


HDSP-5538 
High Efficiency Red ±1, Common Cathode 


~ 


HDSP-5731 
Yellow, Common Anode, RHDP 
7OOOl'cd/seg 


HDSP-5733 
Yellow, Common Cathode, RHDP 
=0 
HDSP-5737 
Yellow ±1, Common Anode 
.+.0 


HDSP-5738 
Yellow ±1, Common Cathode 
14.2 mm (.56") 
Dual-in-Line 
HDSP-5601 
High Performance Green, Common Anode, RHDP 
58OOl'cd/seg 
3-104 


.67" H x .49" W x .31" D 
(90 mA Peak 


HDSP-5603 
High Performance Green, Common Cathode, RHDP 
1/3 
Duty Factor) 


HDSP-5607 
High Performance Green, Common Anode Overflow 
Indicator 


HDSP-5608 
High Performance Green, Common Cathode Overflow 
Indicator 


HDSP-3900 
High Efficiency Red, Common Anode, LHDP 
7000l'cd 1seg 
3-119 


iBl 


HDSP-3901 
High Efficiency Red, Common Anode, RHDP 


HDSP-3903 
High Efficiency Red, Common Cathode, RHDP 


, 
D· 
HDSP-3905 
High Efficiency Red, Common Cathode, LHDP 
, 
+ 
• 
+ 


"ot=:::::=> 
0'" 
HDSP-3906 
High Efficiency Red, Universal Overflow Indicator, 
RHDP 


HDSP-4200 
Yellow, Common Anode, LHDP 
7000l'cd 1seg 


;- 
• 
HDSP-4201 
Yellow, Common Anode, RHDP 
;- 
0+ 
~ 0 
t 
HDSP-4203 
Yellow, Common Cathode, RHDP 
:Oil~ 
HDSP-4205 
Yellow, Common Cathode, LHDP 
• 
• 


• 
0+ 
HDSP-4206 
Yellow, Universal 
Polarity Overflow Indicator, 
RHDP 


HDSP-8600 
High Performance Green, Common Anode, LHDP 
5800l'cd 1seg 
3-112 


20 mm (.8") 
(90 mA Peak 


HDSP-8601 
High Performance Green, Common Anode, RHDP 
1/3 
Duty Factor) 
Dual-in-Line 
1.09" H x .78" W x .33" D 
HDSP-8603 
High Performance Green, Common Cathode, RHDP 


HDSP-8605 
High Performance Green, Common Cathode, LHDP 


HDSP-8606 
High Performance Green, Universal Overflow 
Indicator, 
RHDP 


I· 
- - 


Page 
Device 
Description 
Package 
Application 
No. 
"""" 
" " " " 
5082-7300 
Numeric RHDP 
8 Pin Epoxy 
General Purpose Market 
3-127 
.... 
.... 
(A) 
Built-in Decoder/Driver/Memory 
15.2 mm (.6") DIP · 
Test Equipment 
· 
· · 
· · 
· 
Business Machines 
·... 
·... 
· · 
· 
5082-7302 
Numeric LHDP 
· 
Computer Peripherals 
· · 
· · 
.... 
.... 
(B) 
Built-in Decoder /Driver /Memory 
· 
Avionics 
. . 


5082-7340 
Hexadecimal 


LJLJLJLJ 
LJLJLJLJ 
(C) 
Built-in Decoder /Driver /Memory 
(A) 
(B) 


" " " " 
~~~" 
5082-7304 
Character Plus/Minus 
Sign 
.... 
· 


(D) 
. · 
· 
· 
·... 
..:.. · 
5082-7356 
Numeric RHDP 
8 Pin Glass Ceramic · 
Medical Equipment 
3-131 
· . 
. · 
15.2 mm (.6") DIP 
· · 
· 


(A) 
Built-in Decoder /Driver/Memory 
· 
Industrial 
and Process 
.... 
· 
Control Equipment 
. 
5082-7357 
Numeric LHDP 
· 
Computers 


LJLJLJLJ 
(B) 
Built-in Decoder/Driver /Memory 
· 
Where Ceramic Package 
~~~~ 
IC's required 
(Cl 
(D) 
nIT 


5082-7359 
Hexadecimal 
· 
High Reliability 
(C) 
Built-in Decoder /Driver /Memory 
Applications 


5082-7358 
Character Plus/Minus 
Sign 


(D) 


7.4 mm (.29") 
4N51 
Numeric RHDP 
8 Pin Hermetic 
· 
Ground, Airborne, 
3-136 


4 x 7 Single Digit 
(5082-7391) 
Built-in Decoder/Driver/Memory 
15.2 mm (.6") DIP 
Shipboard Equipment 
4N51TXV 
TXV - 
Hi Rei Screened 
with gold plated · 
Fire Control Systems 
4N51TXVB 
TXVB - 
Hi Rei Screened with 
leads 
· 
Space Flight Systems 


(A) 
Group B data 
· 
Dther High Reliability 


4N52 
Numeric LHDP 
Applications 


(5082-7392) 
Built-in Decoder /Driver /Memory 


4N52TXV 
TXV - 
Hi Rei Screened 
4N52TXVB 
TXVB - 
Hi Rei Screened with 


(B) 
Group B data 


4N54 
Hexadecimal 
(5082-7395) 
Built-in Decoder /Driver /Memory 


4N54TXV 
TXV - 
Hi Rei Screened 


4N54TXVB 
TXVB - 
Hi Rei Screened with 


(C) 
Group B data 


4N53 
Character Plus/Minus 
Sign 


(5082-7393) 


4N53TXV 
TXV - 
Hi Rei Screened 


4N53TXVB 
TXVB - 
Hi Rei Screened with 


(D) 
Group B data 


5082-7010 
Numeric LHDP 
8 Pin Metal can 
· 
Ground, Airborne, 
3-158 
0 
(A) 
Built-in Decoder/Driver /Memory 
2.54 mm (.100") 
Shipboard Equipment 
Pin Centers 
· 
Fire Control Systems 
· 
Space Flight Systems 
, ., 
5082-7011 
Plus/Minus 
Sign 
.. , 
...... 
(B) 


(A) 
(B) 


~8mm(.27") 


5 x 7 Single Digit 


Page 
Device and Package 
Description 
Color 
Application 
No. 


~~~~ 
"""" 
HDSP-0760 
Numeric RHDP 
· 
Military 
Equipment 
3-144 
.... 
.... 
(A) 
Built in Decoder /Driver /Memory 
· 
Ground Support 
· 
Equipment 
· · 
.... 
.... 
· 
Avionics 
HDSP-0761 
Numeric LHDP 
· 
. 
(B) 
Built in Decoder /Driver /Memory 
High Efficiency Red · 
High Reliability 
.... 
.... 
. 
Low Power 
Applications 


HDSP-0762 
Hexadecimal 


LJLJLJLJ 
LJLJLJLJ 
(C) 
Built in Decoder/Driver/Memory 
(A) 
(B) 


""co,, 
"""" 
HDSP-0763 
Over Range ± 1 
.... 
0 
(D) 


0 
0 
· 
0 
.... 
..:.. 
0 
HDSp-OnO 
Numeric RHDP 
High Brightness 
0 
0 
· 
· · 
0 
(A) 
Built in Decoder /Driver /Memory 
Ambient Systems 
.... 
0 
0 
0 
Cockpit. Shipboard 
HDSp-Om 
Numeric LHDP 
Equipment 


LJLJLJLJ 
LJLJLJLJ 
(B) 
Built in Decoder /Driver /Memory 
High Efficiency Red · 
High Reliability 


(C) 
(D) 
High Brightness 
Applications 
TIn 


HDSP-0772 
Hexadecimal 
(C) 
Built in Decoder /Driver /Memory 


HDSP-0763 
Over Range ± 1 


(D) 


7.4 mm (.29") 
HDSP-0860 
Numeric RHDP 
· 
Business Machines 
4 x 7 Single Digit 
(A) 
Built in Decoder /Driver /Memory 
· 
Fire Control Systems 
Package: 
· 
Military 
Equipment 
8 Pin Glass Ceramic 
152 mm (.6") DIP 
HDSP-0861 
Numeric LHDP 
· 
High Reliability 


(B) 
Built in Decoder /Driver /Memory 
Applications 
Yellow 
HDSP-0862 
Hexadecimal 
(C) 
Built in Decoder /Driver /Memory 


HDSP-0863 
Over Range ± 1 
(D) 


HDSP-0960 
Numeric RHDP 
· 
Business Machines 
(A) 
Built in Decoder /Driver /Memory 
· 
Fire Control Systems 
· 
Military 
Equipment 
HDSP-0961 
Numeric LHDP 
· 
High Reliability 


(B) 
Built in Decoder /Driver /Memory 
High Performance 
Applications 
Green 
HDSP-0962 
Hexadecimal 
(C) 
Built in Decoder /Driver /Memory 


HDSP-0963 
Over Range ± 1 
(D) 


I· 
- - 


·. 
_ ... 


HDSP-0781 
Numeric RHDP, Built-in 
High Efficiency 
Red, 
0 
Ground, Airborne, 
Shipboard 
3-150 


HDSP-0781 
Decoder/Driver 
Memory 
Low Power 
Equipment 


TXV 


0 
Fire Control Systems 
LlLl 


0 
Space Flight Systems 
.. 
.. 
HDSP-0781 
0 
Other High Reliability 
.. 
.. 
.... 
.... 
TXVB 
.. 
.. 
Uses 
.. 
.. 
.... 
.... 
HDSP-0782 
Numeric LHDP, Built-in 


HDSP-0782 
Decoder/Driver 
Memory 


(A) 
(6) 
TXV 


HDSP-0782 
Ll 


TXVB 
.. 
HDSP-0783 
Overrange ±1 


HDSP-0783 
TXV 


(0) 
HDSP-0783 
TIn 


TXVB 


HDSP-0784 
Hexadecimal, 
Built-in 


HDSP-0784 
Decoder/Driver 
Memory 


TXV 


7.4 mm (.29") 


HDSP-0784 
4 x 7 Single Digit 
TXVB 


HDSP-0791 
Numeric RHDP, Built-in 
High Efficiency 
Red, 
0 
Ground, Airborne, 
Shipboard 


HDSP-0791 
Decoder/Driver 
Memory 
High Brightness 
Equipment 


TXV 


0 
Fire Control Systems 


0 
Space Flight Systems 


HDSP-0791 
0 
Other High Reliability 


TXVB 
Uses 


HDSP-0792 
Numeric LHDP, Built-in 


HDSP-0792 
Decoder/Driver 
Memory 


TXV 


HOSP-0792 
TXVB 


HDSP-0783 
Overrange ±1 


HDSP-0783 


TXV 


HDSP-0783 


TXVB 


HDSP-0794 
Hexadecimal, 
Built-in 


HDSP-0794 
Decoder/Driver 
Memory 


TXV 


HDSP-0794 


TXVB 


HDSP-0881 
Numeric RHDP, Built-in 
Yellow 
0 
Ground, Airborne, 
Shipboard 


HDSP-0881 
Decoder/Driver 
Memory 
Equipment 


TXV 


0 
Fire Control Systems 


0 
Space Flight Systems 
HDSP-0881 
0 
Other High Reliability 


TXVB 
Uses 


HDSP-0882 
Numeric LHDP, Built-in 


HDSP-0882 
Decoder/Driver 
Memory 


TXV 


HDSP-0782 
TXVB 


High Efficiency 
Red, Yellow, and Green Hexadecimal 
and Numeric 
Displays 


(continued) 


Page 


Device 
Description 
Color 
Application 
No. 


HDSP-0883 
Overrange ±1 
3-150 


HDSP-0883 


TXV 


HDSP-0883 


TXVB 


(See previous page) 


HDSP-0884 
Hexadecimal, Built-in 


HDSP-0884 
Decoder/Driver 
Memory 


TXV 


HDSP-0884 
TXVB 
I· 
- - 


Page 
Device 
Description 
Package 
Application 
No. 


r:o:m 


5082-7404 
2.79 mOl (.11") Red, 4 Digits 
12 Pin Epoxy, 
Small Display Market 
3-164 


Centered D.P. 
7.62 mOl (.3") DIP 
· 
Portable/ Battery 
Power Instruments 
· 
Portable Calculators 
· 
Digital Counters 


~ 
· 
Digital Thermometers 
5082-7405 
279 mOl (.11") Red, 5 Digits, 
14 Pin Epoxy, 
· 
Digital Micrometers 
Centered D.P. 
7.62 mOl (.3") DIP 
· 


Stopwatchs 
· 


Cameras 
· 
Copiers 
A 


5082-7414 
2.79 mOl (.11") Red, 4 Digits, 
12 Pin Epoxy, 
· 


Digital Telephone 


RHDP 
7.62 mOl (.3") DIP 
Peripherals 
· 
Data Entry Terminals 
· 


Taxi Meters 


5082-7415 
2.79 mOl (.11") Red, 5 Digits, 
14 Pin Epoxy, 
For further information 
ask for 


RHDP 
7.62 mOl (.3") DIP 
Application 
Note 937. 


I 
I 


5082-7432 
2.79 mOl (.11") Red, 2 Digits, 
12 Pin Epoxy, 


coo 


Right, RHDP 
7.62 mOl (.3") DIP 


5082-7433 
2.79 mOl (.11") Red, 3 Digits, 
RHDP 
II~~=II~ 


5082-7441 
2.67 mOl (.105") Red, 9 Digits, 
50.8 mOl (2") PC Bd., 


Mounted on P.C. Board 
17 Term. Edge Con. 
I=I~ 


5082-7446 
292 mOl (.115") Red, 16 Digits, 
6985 mOl (2.750") 


I 


Mounted on P.C. Board 
PC Bd., 24 Term. 
Edge Con. 


I 


5082-7285 
4.45 mOl (.175") Red, 5 Digits, 
50.8 mOl (2") PC Bd., 


Mounted on P.C. Board. RHDP 
15 Term. Edge Con. 
I~I~ 
tt(]RRR9RRapoogq 
5082-7295 
4.45 mOl (.175") Red, 15 Digits, 
91.2 mOl (3.59") PC Bd., 


Mounted on P.C. Board. RHDP 
23 Term. Edge Con. 


FOUR CHARACTER 3.8 mm (0.15 INCH) 


5X7 ALPHANUM,ERIC DISPLAYS 
STANDARD RED 
HDSp·2000 
YELLOW 
HDSp·2001 


HIGH EFFICIENCYRED 
HDSp·2002 
HIGHPERFORMANCEGREEN HDSp·2003 


Fli;' HEWLETT 
~~ 
PACKARD 


Features 


• 
FOUR 
COLORS 
Standard 
Red 
Yellow 
High 
Efficiency 
Red 
High 
Performance 
Green 


• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 
CONSTANT 
CURRENT 
DRIVERS 


• 
COMPACT 
CERAMIC 
PACKAGE 


• 
WIDE 
VIEWING 
ANGLE 


• 
END ST ACKABLE 
FOUR 
CHARACTER 
PACKAGE 


• 
TTL COMPATIBLE 


• 
5 x 7 LED MATRIX 
DISPLAYS 
FULL ASCII 
SET 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• 
HDSP·2001/2003 
CATEGORIZED 
FOR COLOR 


Description 


The HDSP-2000/-2001/-2002/-2003seriesof displays are3.8 
mm (0.15 inch) 5 x 7 LED arrays fordisplay of alphanumeric 
information. These devices are available in standard red. 
yellow, high efficiency red. and high performance green. 


_ 
17.1 
MAX, __ 
.- 
t,69t) 
I-- SEE NOTE' 
I 


" 
.....,f-- 
.54 ,,08 


(.020 ,.0031 


I 
2.54'.13TYP 
t-- (.100 
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Typical Applications 


• 
Portable 
Data Entry 
Devices 
• 
Business 
Machines 
• 
Programmable 
Legend 
Switches 
• 
Medical 
Instruments 


Each four character cluster is contained in a 12 pin dual-in- 
line package. An on-board SIPO (Serial-In-Parallel-Out) 
7-bit shift register associated with each digit controls con- 
stant current LED row drivers. Full character display is 
achieved by external column strobing. 


Pl. 
FUNCTION 
Pl. 
FUNCTION 
, 
COLUMN 
1 
7 
DATAQUT 


2 
COLUMN 
2 
8 
V. 


3 
COLUMN 
3 
• 
V 


• 
COLUMN 
4 
,. 
CLOCK 
5 
COLUMN 
5 
11 
GROUND 


6 
INT. CONNECP 
'2 
DATA 
IN 


n 
25,.05TVP'-jt=- 
(.010 • 0021 
1.$2 
,.300I--"i 


NOTES' 
1. 
DIMENSIONS 
IN mm IIndMl.). 


2, 
UNLESS 
OTHERWISE 
SPECIFIEO 
THE 


TOLERANCE 
ON ALL 
C»MENStONS 


IS !.38 mm t: .0161 


3. 
LEAD MATERIAL 
IS 
COPPER 
ALLOY. 
4, 
CHARACTERS 
ARE CENTERED 
WITH 
RESPECT 
TO LEADS 
WITHIN 


!.l3mm 
(·.006"'. 


Absolute Maximum Ratings (HDSP-2000/-2001 /-2002/-2003) 


Supply 
Voltage 
Vee to Ground 
-0.5V 
to 6.0V 


Inputs. 
Data Out and VB . . . . . . . . . . . . . . . .. 
-0.5V 
to Vee 
Column 
Input 
Voltage. 
VeOl 
.....•...... 
-0.5V 
to +6.0V 
Free Air Operating 
Temperature 
Range, 
TAI1,2] 
-20° 
C to +85° C 


Storage 
Temperature 
Range. Ts 
..... 
-55°C 
to +100°C 


Maximum 
Allowable 
Package 
Dissipation 
at T A : 
25° C[1·2.3) 
1.24 Watts 


Maximum 
Solder 
Temperature 
1.59 mm (0.063") 


Below 
Seating 
Plane t < 5 see 
260°C 


Recommended Operating Conditions 
(HDSP-2000/-2001/-2002/-2003) 


Peremeter 
Symbol 
Min. 
Nom. 
Max. 
Units 
Fig. 


Supply Voltage 
Vee 
475 
50 
5.25 
V 


Data Out Current, Low State 
10l 
1.6 
mA 


Data Oul Current. High State 
10H 
-05 
mA 


Column Input Voltage. Column 
On HDSp·2000 
VCOl 
24 
3.5 
V 
4 


Column 
Input Voltage, Column On, HDSP·2001/·2oo2l·2003 
VeoL 
275 
3.5 
V 
4 


SetupT,me 
tsetup 
70 
45 
ns 
1 


HoldT,me 
thold 
30 
0 
ns 
1 


Width of Clock 
t""CIOCk) 
75 
ns 
1 


Clock Frequency 
telock 
0 
3 
MHz 
1 


Clock Transition Time 
tTHL 
200 
ns 
1 


Free Air Operating 
Temperature 
Rangel1.21 
TA 
-20 
85 
°C 
2 


Electrical Characteristics Over Operating Temperature Range 
,Unless 
otherwise 
specified, 


Description 
Symbol 
Test Conditions 
Mln, 
Typ." 
Max. I Units 
Fig. 


Supply Current 
Ice 
Vcc- 
5.25V 
Va=04V 
45 
60 
mA 
VeLoeK = VOATA= 2.4V 
All SR Stages: 
Va= 2AV 
73 
~mA 
Logical 1 


Column Current at any Column Input 
leOL 
Vee = 5.25 V 
Va: 
OAV 
500 
/loA 
VeoL: 
3.5V 


va=2AV~ 


4 
Column Current at any Column Input 
leoL 
All SR Stages = Logical 1 
335 
410 
mA 
Va. Clock or Data Input Threshold H.oh 
V'H 
V 


Va, Clock or Data Input Threshold Low 
VIL 
Vee = VeOL = 4.75V 
0.8 
V 
Input Current Logical 1 
Va, Clock 
liH 
Vee: 
5.25V, VIH= 2.4V 
20 
80 
/loA 
Data In 
liH 
10 
40 
/loA 
Input Current Logical 0 
Va. Clock 
ilL 
Vee = 5.25V. VIL= 04V 
-500 
-soo 
/loA 


Data In 
lil 
·250 
-400 
/loA 


Data Out Vollage 
VOH 
Vee =4.75V,IOH- 
-0.5 mA.leol 
= 0 mA 
2,4 
3.4 
V 


VOL 
Vee - 4.75V. IOL: 
1.6 mA, leOL - 0 mA 
0.2 
04 
V 


Power Dissipallon Per Package" 
Po 
Vee - 5.0V, VeOl - 3.5V, 17.5% OF 
0.72 
W 
2 
15 LEOs on per character, VB = 2.4V 
Thermal Resistance IC 
Rt/J-e 
25 
"ClWI 
2 
Junctlon-ta-Case 
Device 


Notes: 
1. Operation 
above 
85° C ambient 
is possible 
provided 
the 


following 
conditions 
are 
met. 
The 
junction 
should 
not 


exceed 
125°C 
TJ and the case temperature 
(as measured 
at 
pin 
1 or 
the 
back 
of the 
display) 
should 
not 
exceed 
100°C Te. 


2. The device 
should 
be derated 
linearly 
above 50°C 
at 16.7 


mWlo C. This derating 
is based on a device 
mounted 
in a 


socket 
having a thermal 
resistance 
from case to ambient 
at 


35°C/W 
per device. See Figure 2 for powerderatings 
based on 
a lower thermal 
resistance. 


3. 
Maximum 
allowable 
dissipation 
is derived from Vee = 5.25V, 


Va = 2AV, VeOl = 3.5V 20 LEOs on per character, 
20% OF. 


• 


' 
- - 


"VI "",.••" ''''P''t'\veT~lJT' 
1 
'm- 25" ClOt. Ver= 2.4V 
1-,"-, 
""'"'' 
p;<;"" 
;,). 


I 
Peak Wavelength 
I APEAK I 
655 
nm 


Dominant 
Wavelength[7! 
I 
Ad 
I 
639 
nm 


YELLOW 
HDSP-2001 


Description 
Symbol 
Test Conditions 
Min. 
Typ.- 
Max. 
Units 
FIg. 


Peak Luminous 
Intensity 
per LED;4.8; 
IVPeak 
Vcc 
- 5.0V, VCOL - 3.5V 
400 
750 
/lcd 
3 
(Character 
Average) 
T,=25°C[6J, 
Va=2.4V 


Peak Wavelength 
APEAK 
583 
nm 


Dominant 
WavelengthIS,7! 
Ad 
585 
nm 


HIGH 
EFFICIENCY 
RED HDSP-2002 


Description 
Symbol 
Test Conditions 
MIn. 
Typ! 
Max. 
Units 
Fig, 


Peak Luminous 
Intensity 
per LED!4.81 
IvPeak 
VCC = 5.0V, VCOL - 3.5V 
400 
1430 
/lcd 
3 
'Character 
Average} 
T, = 25°C[6!, 
VB = 2.4V 


Peak Wavelength 
~APEAK 
635 
nm 


Dominant 
Wavelength(7! 
Ad 
626 
nm 


HIGH 
PERFORMANCE 
GREEN 
HDSP-2003 


Description 
Symbol 
Test Conditions 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Peak Luminous 
Intensity 
per LEDI4,8 
IvPeak 
Vcc = 5.0V, VCOL = 3.5V 
850 
1550 
/Lcd 
3 
\Character 
Average) 
Ti = 25° C[6J, Va = 2.4V 


Peak Wavelength 
",PEAK 
568 
nm 
Dominant 
Wavelength[S.7! 
Ad 
574 
nm 


•All typical values specified at Vcc = 5.0V and TA = 25' C unless 
"Power 
dissipation per package with four characters illuminated . 


otherwise noted. 


Notes: 
4. 
The 
characters 
are 
categorized 
for luminous 
intensity 
with 
the 
7. Dominant wavelength 
Ad. is derived from the CIE chromaticity 
intensity category designated by a letter code on the bottom of 
diagram. and represents the single wavelength which defines 
the package. 
the color of the device. 


5. The HDSP-2001/-2003 are categorized for color with the color 
8 
The luminous sterance of the LED may be calculated using the 


category 
designated 
by a number code on the bottom of the 
following relationships: 


package. 
L, Icd/m21 
= I, ICandela IIA IMetre 12 


6. 
Tj 
refers 
to 
the 
initial 
case 
temperature 
of 
the 
device 
imme- 
Lv IFootlambertsl 
= rrtv ICandelal/A 
IFoot)2 
diately prior to the light measurement. 
A = 5.3 x 10-8M2= 5.8 x 10-7 Foot 2 


Electrical Description 


The HDSP-200X 
series 
of four 
character 
alphanumeric 
dis- 
similar 
process 
is repeated 
for columns 
2, 3. 4 and 5. If the 


plays 
have 
been 
designed 
to 
allow 
the 
user 
maximum 
time necessary 
to decode 
and load data into the shift register 


flexibility 
in interface 
electronics 
design. 
Each four 
charac- 
is t. then 
with 
5 columns. 
each 
column 
of the 
display 
is 


ter display 
module 
features 
Data In and Data Out terminals 
operating 
at a duty 
factor 
of: 


arrayed 
for 
easy 
PC 
board 
intercon 
nection. 
Data 
Out 
T 


represents 
the output 
of the 7th bit of digit 
number 
4 shift 
D.F. = 5 (t + TI 


register. 
Shift 
register 
clocking 
occurs 
on the high 
to low 
The time frame, t+ T, alloted 
toeach 
column 
of the display 
is 


transition 
of the clock 
input 
The like columns 
of each char- 
generally 
chosen 
to provide 
the maximum 
duty factor 
con- 
acter 
in a display 
cluster 
are tied to a single 
pin. Figure 
5 is 
sistent 
with the minimum 
refresh 
rate necessary 
to achievea 
the block 
diagram 
for the displays. 
High true data in the shift 
flicker 
free display. 
For most strobed 
display 
systems, 
each 
register 
enables 
the output 
current 
mirror 
driver stage ass 0- 
column 
of the display 
should 
be refreshed 
(turned 
ani 
at a 
ciated 
with each 
row of LEOs in the 5 x 7 diode 
array. 
minimum 
rate of 100 times 
per second. 


The TTL compatible 
Va input 
may either 
be tied to Vcc for 
With columns 
to be addressed, 
this refresh 
rate then gives a 


maximum 
display 
intensity 
or 
pulse 
width 
modulated 
to 
value for the time t + T of: 


achieve 
intensity 
control 
and 
reduction 
in 
power 
con- 
sumption. 
1/15 x (100)1 = 2 msec 


The normal 
mode of operation 
input 
data for digit 4, column 
If the device 
is operated 
at 3.0 MHz clock 
rate maximum, 
it is 


1 is loaded 
into 
the 
7 on-board 
shift 
register 
locations 
1 
possible 
to maintain 
t« 
T. For short display 
strings, 
the duty 


through 
7 . Column 
1 data for digits 
3, 2, and 1 is similarly 
factor 
will then approach 
20%. 


shifted 
into the display 
shift register 
locations. 
The column 
1 
Forfurtherapplications 
information, 
refer to HP Application 
input 
is now enabled 
for an appropriate 
period 
of time, T. A 
Note 
1016. 


\ 
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Figure 1. Switching 
Characteristics 
HDSP-2000/-2001l-2002l-2003 


(TA = _20°C to +85°C) 
5 
, 
COLUMN 
DRIVE 
INPUTS 


Mechanical and 
Figure 5. Block Diagram of HDSP-2000/-2001/-2002l-2003 
Thermal Considerations 


The HOSP-2000/-2001/-2002/-2003 
are available 
in standard 
Post 
solder 
cleaning 
may 
be accomplished 
using 
water 
or 


ceramic 
dual-in-line 
packages. 
They 
are 
designed 
for 
Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


plugging 
into 
sockets 
or 
soldering 
into 
PC 
boards. 
The 
processing 
or Freon/alcohol 
mixtures 
formulated 
for room 


packages 
may 
be 
horizontally 
or 
vertically 
stacked 
for 
temperature 
cleaning. 
Freon/alcohol 
vapor 
cleaning 


character 
arrays 
of any 
desired 
size. 
Full 
power 
operation 
processing 
for 
up 
to 
2 
minutes 
in 
vapors 
at 
boiling 
is 


(Vee 
= 5.25V, 
VB = 2.4V, 
VeOl 
= 3.5V) 
with 
worst 
case 
permissible. 
Suggested 
solvents 
include 
Freon 
TF, 
Freon 


thermal 
resistance 
from 
IC junction 
to ambient 
of 60° C/wat- 
TE, Genesolv 
01-15, 
Genesolv 
OE-15, 
and 
water. 


Vdevice 
is possible 
up to ambient 
temperature 
of 50° C. For 


operation 
above 
50° C, 
the 
maximum 
device 
dissipation 
Display 
AmblantLlghUng 
1 


should 
be derated 
linearly 
at 16.7 
mW/oC 
(see 
Figure 
2). 


Color 
Dim 
Moder.t. II 


HOSP-2000 
Panel9raph.c 
With 
an 
improved 
thermal 
design, 
operation 
at 
higher 
Std. Red 
Dark Red 63 


ambient 
temperatures 
without 
derating 
is possible. 
RubyRed60 


Power 
derating 
for this family 
of displays 
can be achieved 
in 


Chequefs 
Red 118 


Plex'glass 2423 


several 
ways. 
The power 
supply 
voltage 
can be lowered 
to a 
HOSP-2001 
Panelgraphlc 
PolarOid HNCP37 


minimum 
of 
4.75V. 
Column 
Input 
Voltage, 
VeoL. 
can 
be 


Yellow 
"ellow 27 
3MLight Control 
Chequers Amber 
Fltm 
decreased 
to the recommended 
minimum 
values 
of 2.4V for 
107 
Panetgraphlc 


the 
HOSP-2000 
and 
2.75V 
for the 
HOSP-2001/-2002/-2003. 
Gray 10 


Also, 
the 
average 
drive 
current 
can 
be decreased 
through 


HOSP-2002 
Panelgf.aphic 
ChequersGrey 
HER 
RUbyfled 60 
105 
Note 1 
pulse 
width 
modulation 
of VB. 
Cheque,s 
Red 112 


The 
H OSP-2000/-2001/-2002/-2003 


HOSP-2003 
Panetgraphic 
I 


displays 
have 
glass 
HPGreen 
Green 48 
windows. 
A 
front 
panel 
contrast 
enhancement 
filter 
is 
Che~wers Green 


desirable 
in 
most 
actual 
display 
applications. 
Some 


'07 


suggested 
filter 
materials 
are 
provided 
in 
Figure 
6. 
Note: 
1. Optically 
coated 
circular 
polarized 
filters, 
such as 


Additional 
information 
filtering 
and 
constrast 
Polaroid 
HNCP10. 
on 


enhancement 
can 
be found 
in HP Application 
Note 
1015. 
Figure 
6. Contrast 
Enhancement 
Filters 
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TA - AMBIENT TEMPERATURE _·C 
TJ - JUNCTION TEMPERATURE _·C 
VeOl - COLUMN VOLTAGE - VOLTS 


Figure 2. Maximum 
Allowable 
Power 
Figure 3. Relative luminous 
Intensity 
Figure 4. Peak Column 
Current vs. 


Dissipation 
vs. Temperature 
vs. Temperature 
Column Voltage 
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FOUR CHARACTER 
RED ALPHANUMERIC 
DISPLAY FOR EXTENDED 
TEMPERATURE APPLICATIONS 


HOSP-2010 


HOSP-2010TXV 


HOSP-2010TXVB 


Features 


• 
OPERATION 
GUARANTEED 
TO TA = -40"'C 


• 
LEAK RATE GUARANTEED 


• 
QUALITY 
LEVEL A OF MIL-D-87157 


• 
100% TEMPERATURE 
CYCLED 
-55°C 
to +100°C 


• 
GOLD 
PLATED 
LEADS 


• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 
CONSTANT 
CURRENT 
DRIVERS 


• 
CERAMIC 
7.62mm 
(.3 in.) DIP 
Integral 
Red Glass Contrast 
Filter 


• WIDE VIEWING 
ANGLE 


• 
END STACKABLE 
4 CHARACTER 
PACKAGE 


• 
PIN ECONOMY 
12 Pins for 4 Characters 


• TTL 
COMPATIBLE 


• 5 x 7 LED MATRIX 
DISPLAYS 
FULL ASCII 
CODE 


• 
RUGGED, 
LONG 
OPERATING 
LIFE 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Assures 
Ease of Package 
to 
Package 
Brightness 
Matching 


-;-r 


3.7 
7.25 


I. I •• ) 
1.290) 
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_4.44',13 
....- 
PIN 1 MARKED BY 
"176 '005) 


DOT ON 8ACK 
OF 
PACKAGE. 
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13 TyP. 
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Description 


The 
HDSP-2010 
display 
is designed 
for 
use 
in 
applications requiring high reliability. The character font 
is a 3.8mm (0.15 inch) 5 x 7 red LED array for displaying 
alphanumeric information. The device is available in 4 
character clusters and is packaged in a 12-pin dual-in-line 
type package. An on-board SIPO (serial-in-parallel-out) 
7-bit shift register associated with each digit controls 
constant current LED row drivers. Full character display is 
achieved by external 
column 
strobing. 
The constant 
current 
LED drivers are externally 
programmable and 
typically 
capable of sinking 
13.5mA peak per diode. 


Applications 
include interactive I/O terminals, avionics, 


portable 
telecommunications 
gear, 
and 
hand 
held 
equipment requiring alphanumeric displays. 


PIN 
FUNCTION 
P'N 
FUNCTION 
I 
COLUMN 1 
1 
DATA OUT 
2 
COLUMN 
2 
8 
V 


3 
COLUMN 
3 
9 
Vrr 
-+ 
COLUMN 
4 
10 
CLOCK 


5 
COLUMN 
5 
11 
GROUND 
6 
INT. CONNECT· 
12 
DATA 
IN 


n 
25'.05TYP'-jt: 
I 
1.010 • (02) 
_ 
7.62 
(300I~ 


NOTES; 
1. 
DIMENSIONS 
IN rnm hnchm). 


2, 
UNLESS OTHERWISE 
speCIFIED 
THE 
TOLERANCE 
ON All 
DIMENSIONS 
IS".38mm 
(. 015") 
3. 
LEAD 
MATERIAL 
IS GOLD 
PLATED 


COPPER 
ALLOY. 


4. 
CHARACTERS 
ARE CEWTEREO 
WITH 
RESPECT 
TO lEAOS 
WITHIN 


1.t3mm 
(>.OOS'T 


Absolute Maximum Ratings 


Supply 
Voltage 
Vee to Ground 
..... 
. ... 
-0.5V 
to 6.0V 
Storage 
Temperature 
Range. 
Ts 
..... 
-55°C 
to +100°C 


Inputs. 
Data 
Out 
and 
VB 
..... 
... 
....... 
-0.5V 
to Vee 
Maximum 
Allowable 
Package 
Dissipation 


Column 
Input 
Voltage. 
VeOl 
... ...... 
-0.5V 
to +6.0V 
atTA=25°C'I·',6) 
......................... 
1.29 Watts 


Free 
Air 
Operating 
Temperature 
Maximum 
Solder 
Temperature 
1.59mm 
(.063") 


Range, 
TPI 
............... 
.. ....... 
-40°C 
to +85°C 
Below 
Seating 
Plane 
t<5 
secs 
............... 
260°C 
Recommended 
Operating 
Conditions 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Units 


Supply 
Voltage 
Vee 
4.75 
5.0 
5.25 
V 


Data Out Current. 
Low Stale 
1m 
1.6 
mA 


Data Out Current, 
HighState 
10K 
-0.5 
mA 


Column 
Input 
Voltage. 
Column 
On 
Veal 
2.6 
3.5 
V 


Setup Time 
t\C.tup 
70 
45 
ns 


Hold 
Time 
th~ld 
30 
0 
ns 


Width 
of Clock 
t~'CI(Jd.,) 
75 
ns 


Clock 
Frequency 
fcl(]~k 
0 
3 
MHz 


Clock 
Transition 
Time 
tlHe 
200 
ns 


Free Air Operating 
Temperature 
Range 
TA 
-40 
85 
°C 


Electrical Characteristics 
Over operating 
Temperature 
Range 


(Unless 
otherwise 
specified.) 


Description 
Symbol 
Test Conditions 
Min. 
Typ.' 
Max. 
Unlls 


Vcc - 525V 
Va = O.4V 
45 
60 
mA 
Supply 
Currenl 
Icc 
VCLOCK= VOATA= 2.4V 
All SR Stages = 
Va = 2.4V 
73 
95 
mA 
Logical 
1 


Column 
Currenl 
at any Column 
Input 
ICOL 
Vcc - 5.25V 
Va = O.4V 
1.5 
mA 
VCOL = 3.5V 
Column 
Currenl 
at any Column 
Input 
ICOL 
All SR Slages = Logical 
1 
Va = 2.4V 
350 
435 
mA 


Peak Luminous 
Intensity 
per LED·3.7 


IVPEAK 
Vcc 
- 5.0V. VCOL = 3.5V 
105 
200 
Jo'cd 
Characler 
Average 
T, = 25°C 
4 Va = 2.4V 


Va, Clock 
or 
Dala 
Input 
Threshold 
High 
V,H 
2.0 
V 


Va. Dala Input 
Threshold 
Low 
V,L 
Vcc = VCOL = 475V 
08 
V 


Clock 
Threshold 
Low 
VIL 
0.6 
V 


Inpul 
Current 
Logical 
1 
Va. Clock 
liH 
Vcc = 5.25V, VIH = 2.4V 
• 
20 
80 
,.,A 


Data In 
IIH 
10 
40 
,.,A 


Input 
Cu rrent Logical 
0 
Va. Clock 
hL 
Vcc = 5.25V. VIL = 04V 
-500 
-800 
Jo'A 
Data In 
hL 
-250 
-400 
,.,A 


Data Out Voltage 
VOH 
Vcc - 4.75V. 10H - -0.5mA, 
VCOL - OV 
2.4 
3.4 
V 


VOL 
VCC - 4.75V, 10L - 
1.6mA, VCOl = OV 
0.2 
0.4 
V 


Power 
DISSipation 
Per Package" 
Po 
Vcc = 5.0V. VCOL = 2.6V. 
0.66 
W 
15 
LEOs 
on 
per 
character, 
Va = 2.4V 


Peak Wavelength 
APEAK 
655 
nm 


Dominant 
Wavelength 
5 
Ad 
640 
nm 


Thermal 
Resislance 
IC 
ROJ-c 
25 
°C/WI 
Junction-to-Case 
Device 


Leak Rate 
5x10-1 
cels 


'All typical values specified at Vee = S.OVand TA = 2S'C unless otherwise noted. 


··Power 
dissipation 
per package 
with 4 characters 
illuminated. 


1. Operation 
above 85°C ambient 
is possible 
provided 
the following 
conditions 
are met. The junction 
temperature 
should not exceed 125°C 


TJ and the case temperature 
as measured 
at pin 1 or the back of the display should 
not exceed 
100°C Te. 
2. The device should be derated linearly above 50° Cat 16.7 mW 1°C. This derating 
is based on a device mounted 
in a socket having a thermal 
resistance 
from case to ambient 
at 35° C/W per device. See Figure 2 for power deratings 
based on a lower thermal 
resistances. 


3. The characters 
are categorized 
for Luminous 
Intensity 
with the category 
designated 
by a letter code on the bottom 
of the 


package. 


4 
Tj refers to the initial 
case temperature 
of the device Immediately 
prior to the light measurement. 


5. Dominant 
wavelength 
Ad, IS derived 
from the CIE chromaticity 
diagram, 
and represents 
the single 
wavelength 
which 
defInes the color 
of the device. 


6. Maximum 
allowable 
dissipation 
is derived hom 
Vcc = VB = 5.25 Volts, VeOl = 3.5V, 20 LEOs on per character. 
20% OF. 


7. 
The luminous 
stearance 
of the LED may be calculated 
using the following 
relationships: 


L, (Lux) = I, (CandelallA (Metre)2 
Lv (Footlamberts) 
= 1Tlv(Candelal/A 
(Foot)2 


A = 5.3 x 10-8 M2 = 5.8 x 10.7 (Footl2 


• 
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Parameter 
Condition 
Min. 
Typ. 
Max. 
Units 


fClock 
I 
3 
MHz 
CLOCK 
Rate 
tPlH, tPHL 


Propagation 
CL'" 
15pF 
125 
ns 
delay CLOCK 
Rl=2.4Kfi 
to DATA OUT 


Mechanical and 
Thermal Considerations 


The HDSP-2010 
is available 
in a standard 
121ead ceramic- 
glass dual in-line 
package. 
It is designed 
for plugging 
into 
DIP sockets 
or soldering 
into 
PC boards. 
The 
packages 
may 
be 
horizontally 
or vertically 
stacked 
for 
character 
arrays 
of any desi red size. 


The 
HDSP-2010 
can 
be operated 
over 
a wide 
range 
of 
temperature 
and supply 
voltages. 
Power 
reduction 
can be 
achieved 
by 
either 
decreasing 
VeOl 
or 
decreasing 
the 
average 
drive 
current 
through 
pulse 
width 
modulation 


of VB. 


The 
HDSP-2010 
display 
has 
a 
glass 
lens. 
A 
front 
panel 
contrast 
filter 
is 
desirable 
in 
most 
actual 
display 
applications. 
Some 
suggested 
filters 
are 
Panel 
graphic 
Ruby 
Red 60, SGL Homalite 
H100-1605 
Red and 


'"~ 
w~E 
1.4 


~~ 
1.2 
jl 
~ 2 
1.0 
,,>- 
~ ~ 
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i~ 
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Figure 4. Peak Column Current 
vs. Column Voltage. 


Figure 2. Maximum Allowable 
Power 
Dissipation 
vs. Temperature. 


processing 
(up 
to 
2 minutes 
in 
vapors 
at boiling) 
or 


Freon/alcohol 
mixtures 
formulated 
for room temperature 


cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 
DI-15, 
Genesolv 
DE-15. 


The 
HDSP-2010 
display 
provides 
on-board 
storage 
of 


decoded 
column 
data 
and constant 
current 
sinking 
row 


drivers 
for each of 28 rows in the 4 character 
display. 
The 


device 
consists 
of four 
LED 
matrices 
and two integrated 


circuits 
that 
form 
a 28-bit 
serial 
input-parallel 
output 


(SIPO) 
shift 
register, 
see 
Figure 
5. Each 
character 
is a 


5 x 7 diode 
array 
arranged 
with 
the cathodes 
of each row 


connected 
to one constant 
current 
sinking 
output 
of the 


SIPO 
shift 
register. 
The 
anodes 
of 
each 
column 
are 


connected 
together, 
with 
the same column 
of each of the 


4 characters 
connected 
together 
(i.e. column 
1 of all four 


characters 
are connected 
to pin 1). Any 
LED within 
any 


character 
may 
be 
addressed 
by 
shifting 
data 
to 
the 


appropriate 
shift 
register 
location 
and applying 
a voltage 


to the appropriate 
column. 


Associated 
with 
each 
shift 
register 
location 
is a constant 


current 
sinking 
LED driver, 
capable 
of sinking 
a nominal 


13.5 mA. A logical 
1 loaded 
into 
a shift 
register 
location 
enables 
the 
current 
source 
at that 
location. 
A voltage 


applied 
to 
the 
appropriate 
column 
input 
turns 
on 
the 


desired 
LED. 


The display 
is column 
strobed 
on a 1 of 5 basis by loading 


7 bits of row data per character 
for a selected 
column. 
The 


data 
is shifted 
through 
the 
SIPO 
shift 
register, 
one 
bit 


location 
for each high-to-Iow 
transition 
of the clock. 
When 


the HDSP-2010 
display 
is operated 
with 
pin 1 in the lower 


left hand 
corner, 
the first 
bit that is loaded 
into the SIPO 


shift 
register 
will be the information 
for row 7 of the right 
most 
character. 
The 
28th 
bit 
loaded 
into 
the 
SIPO 
shift 


register 
will 
be the information 
for 
row 
1 of the left most 


character. 
When the 28 bits of row data for column 
1 have 


been loaded 
into the SI PO shift register, 
the first column 
is 


energized 
for a time period, 
T, illuminating 
column 
1 in all 


four 
characters. 
Column 
1 is turned 
off and the process 
is 


repeated 
for columns 
2 through 
5. 
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Figure 3. Relative Luminous Intensity 
vs. Temperature. 


C\.OCK 
~ 


SEfllAL 
DECODED 
DATA 
INPUT 


SEFltAL 
DECODED 
DATA 
OUTPUt 


Figure 5. Block Diagram 01 Ihe HDSP-2010 
Display 


The time frame allotted 
per column 
is (t + T) and the 
minimum 
recommended 
refresh rate for a flicker 
free 
display is 100 Hz, so that (t + T) ~ 2 ms. If the display is 
operated at the 3 MHz maximum clock rate, it is possible to 
maintain t« 
T. For display strings of 24 characters or less, 


the LED on time DF will be approximately 
19.4%. For 


longer display strings, operation 
of the display with DF 
approximately 
10% will provide adequate light output for 
indoor applications. 


The 28th stage of the SIPO shift register is connected to 
the Data Output, which is designed to interface directly to 
the Data Input of the next HDSp-2010 in the display string. 


The 
VB input 
may 
be used to control 
the apparent 


brightness 
of the display. A logic high applied to the VB 
input enables the display to be turned ON, and a logic low 
blanks the display by disabling the constant current LED 
drivers. Therefore, the time average luminous intensity of 
the display can be varied by pulse width modulation of VB. 
For application 
and drive circuit 
information 
refer to HP 
Application Note 1016. 
• 


High Reliability Testing 
Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A of 
MIL-D-87157 for hermetically sealed displays with 100% 
screening tests. A TXVB product is tested to Tables I, II, Ilia, 
and IVa. A second program is an HP modification to the full 
conformance program and offers the 100%screening por- 
tion of Level A, Table I, and Group A, Table II. 


PART MARKING SYSTEM 
Standard Product 
With Table I 
With Tables 
and II 
I, II, ilia. and 
IVa 
HDSP-2010 
HDSP-2010 
HDSP-2010 
TXV 
TXV8 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
- 
HP Procedure 5956-7512-52 


2. High Temperature Storage 
1032 
TA= 100°C, Time = 24 hours 


3. Temperature Cycling 
1051 
TA = -55°C to +100°C,10 cycles,15 min.dwell 


4. Constant Acceleration 
2006 
10,000G's at Y, orientation 


5. Fine Leak 
1071 
Condition H, Leak Rate :s:5 x 10-7ec/s 


6. Gross Leak 
1071 
Condition C, except fluid temperature 
shall be +l00°C 


7. 
Interim Electrical/Optical Testsl21 
- 
Ice (at VB= 0.4V and 2.4V), leol (at VB= 
0.4V and 2-4V) 
IIH(VB,Clock and Data In), III (VB,Clock 
and Data In1,IOH,IOl, Visual Function 
and Iv Peak. VIHand Vil inputs are 
guaranteed by the electronic shift regis- 
ter test. TA = 25°C 


8. Burn-Inlt! 
1015 
Condition Bat Vce = VB= 5.25V,VeOl = 
3.5V, TA = +85°C 
LED ON-Time Duty Factor = 5%, 
t = 168 hours 
9. Final Electrical Testi2! 
- 
Same as Step 7 


10. Delta Determinations 
- 
Alec = ±6 mA, AIIH(clock) = ±10 IJ.A 
~IIH (Data In) = ±10 IJ.A 
~IOH= ±10% of initial value and .1lv = -20% 


11. 
External Visual 
2009 
Notes: 
,. 
Mll-STD-883 
Test Method applies. 


2. Limits and conditions are per the electrical/optical 
characteristics. The 10H and 10L tests are the inverse of VOH and VOL specified in the 
electrical characteristics. 


TABLE 
II 
GROUP 
A ELECTRICAL 
TESTS 
MIL-D-87157 


Test 
Parameters 
LTPD 


SUbgroup 1 
DC Electrical Tests at 25°C11 
Ice (at Va ==O.4Vand 2AV). leOl 
5 


{at Va = O.4Vand 2.4Vl 


IIH(Va. Clock and Data In), hl IVa. Clock and Data 
In), IOH, IOl Visual Function and Iv peak. VIHand Vil 
inputs are guaranteed by the electronic shift 
register test. 


Subgroup 2 
DC Electrical Tests at High 
Same as Subgroup 1. except delete Iv and visual 
7 
Temperaturel1 ! 
function. 
TA ==+85° C 


SUbgroup 3 
DC Electrical Tests at Low 
Same as Subgroup 1, except delete Iv and visual 
7 
Temperaturel1! 
function. 
TA= -40° C 


Subgroup 4. 5, and 6 not tested 


SUbgroup 7 
Optical and Functional Tests at 25°C 
Satisfied by SUbgroup 1 
5 


SubgroupS 
External Visual 
7 


TABLE 
ilia 
GROUP 
B, CLASS 
A AND 
B OF MIL-D-87157 


MIL-STD-750 
Test 
Method 
Condillons 
Sample Size 


Subgroup 1 
Resistance to Solvents 
1022 
4 Devices! 
o Failures 
Internal Visual and Mechanicall31 
2014 
1 Device/ 
o Failures 
Subgroup 
2(1,2) 
Solderability 
2026 
TA= 260° C for 5 seconds 
LTPD= 
15 


Subgroup 3 
TA ==-55°C to +lOO°C, 10 cycles, 


Thermal Shock (Temp. Cycle) 
1051 
15 min. dwell 
LTPD= 
15 
Moisture Resistance 
1021 
Fine Leak 
1071 
Condition 
H 
Gross Leak 
1071 
Condition 
C. except fluid temperature 
shall be +100° C 
Electrical/Optical 
Endpointsl41 
- 
Ice \at Va = 0.4V and 2AV J, 
leol 
Iat VB==OAV and 2.4V), 
hH (VB, Clock and Data In), III (Va, 
Clock and Data Inl, IOH.IOl Visual 
Function and Iv peak. VIHand Vil 
inputs are guaranteed by the electronic 
shift register test. TA = 25° C 


Subgroup 4 
Operating Life Test (340 hrs.) 
1027 
TA = +85°C at Vee ==Va = 5.25V, 
LTPD= 
10 
Veol ==3.5V, LED ON-Time Duty Fac- 
tor ==5% 
Electrical/Optical 
Endpoints[4, 
- 
Same as Subgroup 3 


SubgroupS 
Non-operating 
(Storage) Life 
1032 
TA==+loo·C 
LTPD= 
10 
Test (340 hrs.) 
Electrical/Optical 
Endpointsl41 
- 
Same as SUbgroup 3 


1. Whenever electrical/optical 
tests are not required as endpoints. electrical rejects may be used. 
2. The l TPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 


required. 
3. 
Mll-STD-883 
methods appiy. 


4. 
Limits and conditions 
are per the electrical/optical 
characteristics. The IOHand IOLtests are the inverse of VOHand VOLspecified in the 


electrical characteristics. 


TABLE 
IVa 


GROUP 
C, CLASS A AND 
B OF MIL-D-87157 


--_.- 


MIL-STD-7S0 
Sample 
Teat 
Method 
Conditions 
Size 


Subgroup 1['] 
Physical Dimensions 
2066 
2Devicesl 
o Failures 


SUbgroup 2[2.7} 
LTPD=15 


Lead Integrity 
2004 
Condition 
82 


Fine Leak 
1071 
Condition H 


Gross Leak 
1071 
Condition 
C. except fluid temperature 
shall be +100· C 


SUbgroup 3 
Shock 
2016 
15OOG,Time = 0.5 ms, 5 blows in 
LTPD =15 
each orientation X" Yl, Y2 


Vibration, Variable Frequency 
2056 


Constant Acceleration 
2006 
10,OooGat Y, orientation 
External Visual!41 
1010 or 1011 
Electrical/Optical 
EndpointslSI 
- 
lee! at VB = O.4Vand 2.4V' 
leoL (at VB = O.4Vand 2.4V, 
IIH (VB, Clock and Data In) 
ilL (VB, Clock and Data In) 
IOH, IOL,Visual Function and Iv peak. 
VIH and VIL inputs are guaranteed by 
the electronic shift register 
test. TA=25°C. 


Subgroup 4[1.3] 
Salt Atmosphere 
1041 
LTPD = 15 
External Visuall41 
1010 or 1011 


SubgroupS 
Bond Strengthl51 
2037 
Condition 
A 
LTPD =20 


IC=OJ 


Subgroup 6 
Operating Life Testl6) 
1026 
TA =+85·C 
at Vec = Va = 5.25V, 


VCOL=3.5V 
A= 10 
Electrical/Optical 
EndpointsiS! 
- 
Same as Subgroup 3 


1. 
Whenever electrical/optical 
tests are not required as endpoints, 
electrical 
rejects may be used. 


2. 
The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 
3. 
Solderability 
samples shall not be used. 


4. 
Visual requirements 
shall be as specified 
in MIL-STD-883, 
Methods 
1010 or 1011. 


5. 
Displays may be selected prior to seal. 


6. 
If a given inspection 
lot undergoing 
Group B inspection 
has been selected to satisfy Group C inspection 
requirements, 
the 340 hour life tests 


may be continued 
on test to 1000 hours in order to satisfy the Group C life test requirements. 
In such cases, either the 340 hour endpoint 


measurements 
shall be made a basis for Group B lot acceptance 
or the 1000 hour endpoint 
measurement 
shall be used as the basis for both 


Group B and Group C acceptance. 
7. 
MIL-STD-883 
test method applies. 


8. 
Limits and conditions 
are per the electrical/optical 
characteristics. 
The IOH and IOL tests are the inverse of VOH and VOL specified 
in the 
electrical 
characteristics. 


• 
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HIGH EFFICIENCYRED 
HDSP-2302 
HIGH PERFORMANCEGREEN 
HDSP-2303 


Features 


• 
FOUR 
COLORS 
Standard 
Red 
Low Power 
Yellow 
High Brightness 
High Efficiency 
Red 
High Brightness 
High Performance 
Green 
High Brightness 


• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 
CONSTANT 
CURRENT 
DRIVERS 


• 
COMPACT 
CERAMIC 
PACKAGE 


• 
WIDE VIEWING 
ANGLE 


• 
END STACKABLE 
FOUR 
CHARACTER 
PACKAGE 


• 
TTL COMPATIBLE 
• 5 x 7 LED MATRIX 
DISPLAYS 
FULL ASCII 
SET 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• 
HDSP-2301/2303 
CATEGORIZED 
FOR COLOR 


Description 


The HDSP-2300/-2301 
/-2302/-2303 
series of displays 
are 5.0 
mm (0.20 inch) 5 x 7 LED arrays fordisplayof 
alphanumeric 
information. 
These 
devices 
are available 
in standard 
red, 


yellow, 
high 
efficiency 
red, and 
high 
performance 
green. 


5 
6 


'i. 
I 
i 
5.00' .13 
l..----.j- 
(.197 '.005) 


1.27:t 
.13 


(.050, .005) 
f 
I 
5.06 
L....-.- 


(.2001 
2.54 


~ 


2.541.13TVP. 
I 
(.100±.005) 
~ 


NON 
ACCUM. 


• 
Avionics 
• 
Business Machines 
• 
Medical 
Instruments 
• 
Portable 
Data Entry Devices 


Each four character 
cluster 
is contained 
in a 12 pin dual-in- 
line 
package. 
An 
on-board 
SIPO 
(Serial-In-Parallel-Out) 


7-bit 
shift 
register 
associated 
with 
each 
digit 
controls 
constant 
current 
LED row drivers. 
Full character 
display 
is 
achieved 
by external 
column 
strobing. 


r 
6.43 MAX.('r 


PIN 
FUNCTION 
PIN 
FUNCTION 
I 
COLUMN 
1 
7 
DATA 
OUT 
2 
COLUMN 
2 
8 
V. 
3 
COLUMN 
3 
9 
v"" 
4 
COLUMN 
4 
1O 
CLOCK 


5 
COLUMN 
5 
I' 
GROUND 
6 
INT. 
CONNECT- 
12 
DATA 
IN 


'DO 
NOT 
CONNECT 
OR USE 


NOTES: 
1. 
OIMENSJONS 
IN mm (jnmes). 


2. 
UNLESS 
OTHERWISE 
SPECIFIED 
THE 


TOLERANCE 
ON ALL 
DIMENSIONS 
t$!.38 mm (t.016") 


3. 
CHARACTERS 
ARE 
CENTERED 


WITH 
RESPECT 
TO 
LEADS 
WITHIN 


.t.l3mm {:t.005"" 
n 
i 
-liL25 
,05 
TYP. 
,. 
" 
(.010,.002) 
6.35, .25 
(.250,.01_0,). 
_ 


Supply 
Voltage 
Vee 
to Ground 
-0.5V 
to 6.0V 


Inputs. 
Data 
Out 
and VB .. . . . . . . . . • . . . . .. 
-0.5V 
to Vee 
Column 
Input 
Voltage, 
VeOl 
......•..... 
-0.5V 
to +6.0V 


Free Air Operating 
Temperature 
Range. 
TA[1.2j 
....• 
. .. 
-20° 
C to +85° C 


Storage 
Temperature 
Range. 
Ts 
..... 
-55°C 
to +100°C 


Maximum 
Allowable 
Package 
Dissipation 
at TA = 25°C 
1.2.3 


HDSP-2300 
1.24 Watts 


HDSP-2301/-2302/-2303 
...............•. 
1.46 Watts 


Maximum 
Solder 
Temperature 
1.59 mm 
(0.063") 


Below 
Seating 
Plane 
t < 5 sec 
260°C 


Recommended Operating Conditions 
(HDSP-2300/-2301/-2302/-2303) 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Units 
Fig. 


SuOOly Vollaee 
Vee 
475 
50 
525 
V 


Data Out Current. 
Low State 
10l 
16 
mA 


Data Out Current. 
High State 
10H 
-05 
mA 


Column 
Input Voltage. 
Column 
On HDSP-2300 
VeOl 
24 
35 
V 
4 


Column 
Input Voltage. 
Column 
On HDSP-2301/-2302/-2303 
Veol 
275 
35 
V 
7 


Setup Time 
tsetup 
70 
45 
ns 
1 


Hold Time 
". 
thOld 
30 
0 
ns 
1 


Width of Ciock 
twtC'ockl 
75 
ns 
1 


Clock Frequency 
fclock 
0 
3 
MHz 
1 


Clock Trans.llon 
T,me 
tTHl 
200 
ns 
1 


Free Air Operating 
Temperature 
Range(1.21 
TA 
-20 
85 
°C 
3.5 


Electrical Characteristics Over Operating Temperature Range 
(Unless 
otherwise 
specified) 


STANDARD 
RED 
HDSP-2300 


Description 
Symbol 
Test Condliions 
Min. 
Typ.' 
Max. 
Unils 
Ag. 
Supply Current 
~ 
Ice 
Vcc = 5.25V 
VCloeK = VOATA= 204V 
Va=04V 
45 
60 
mA 


All SR Stages = 
Va = 204V 
73 
95 
mA 
Logical 1 


Column 
Current at any Column 
Input 
ICOl 
Vee = 5.25 V 
Va = Oo4V 
500 
/loA 
VCOl =3.5V 
4 
Column Current at any Column 
Input 
ICOl 
All SR Stages = Logical 1 
Va = 2.4V 
335 
410 
mA 


Ve, Clock or Data Inout ThreshOld High 
V'fo! 
2.0 
V 
Va, Clock or Data input Threshold 
Low 
VIL 
Vcc '! VeOl = 475V 
0.8 
V 
tnput Current Loglcat 1 
Va. Clock 
ilH 
20 
80 
IJ.A 


Data In 
ilH 
Vcc = 5.25V. VIH = 2.4V 
10 
40 
IJ.A 
Input Current Logical 0 
Va. Clock 
ill 
-500 
-800 
IJ.A 


Data In 
ill 
VCC= 5.25V, Vll = 0 4V 
-250 
-400 
p.A 


Data Out Voltage 
VOH 
Vcc = 4.75V. 10H= -0.5 mA, ICOl = 0 mA 
2.4 
3.4 
V 


VOL 
'VCC = 4.75V. IOL= 1.6 mA, leoL - 0 mA 
02 
004 
V 


Power Dissipation 
Per Package" 
Po 
Vee - 5.0V. Veol 
- 3.5V. 17.5% OF 
0.72 
W 
2 
15 LEOs on t)er character. Va = 204V 


Thermal Resistance 
IC 
Rt/J-e 
25 
°CIWI 
2 
Junctjon-to-Case 
Device 


Notes: 
1. Operation 
above 
85° C 
ambient 
is 
possible 
provided 
the 
following 
conditions 
are met. The junction 
temperature 
should 
not exceed 125° C TJ and the case temperature 
(as measureed 


at 
pin 
1 or 
the 
back 
of 
the 
display) 
should 
not 
exceed 


100°C 
Te. 


2. 
The HDSP-2300 
should 
be derated 
linearly above 50° C at 16.7 


mW/O C. The HOSP-2301/-2302/-2303 
should 
be derated 
line- 
arly above 37°C 
at 16.7 mW/oC. 
This derating 
Is based on a 


device mounted 
in a socket 
having a thermal 
resistance 
from 
case to ambient 
at 35°" 
C/W 
per device. 
See Figure 
2 for 
power deratings 
based on a lower thermal 
resistance. 


3. 
Maximum 
allowable 
dissipation 
is derived 
from 
Vcc = 5.25V, 
Va = 204V. VeOL = 3.5V 20 LEOs on per character, 
20% OF. 


• 


YELLOW 
HDSP-2301/HIGH 
EFFICIENCY 
RED HDSP-2302/HIGH 
PERFORMANCE 
GREEN 
HDSP-2303 


DescrlpUon 
Symbol 
Tesl Condilions 
Min. 
Tvp.· 
Max. 
Units (Fig, 


Supply Cvrrel1l 
Ice 
Vce - 5,251,1 
I ,'_ 
VeU:)CK",VOATA ,..2AV 
I V" "'OAV 


All SR Stages¥ 
' "e*' 2AV 
Logical) 
, VI 


Vec 
5.25 V 
Column Current at aqy Column 
Input 


Col,umn Current al any COlymrf Input 
Ve, Clock or Data Inoul Threshold 
HJoh 
~ata 
Input Thresholdl,ow 


Ihput Curre!)t 
Logical 1 
Ve, Clock 
Data In 


Ve, Clock 
Data In 


Power Dtssipation 
Per Package" 


Thermal 
ResistanceJC 
Junction-to-Case 


Optical Characteristics 


STANDARD 
RED HDSP-2300 


Description 


Peak 
Luminous 
Intensity 
per LEDi4.81 
(Character 
Average) 


Peak 
Wavelength 


Dominant 
WavelengthFI 


Description 


Peak 
LuminoUs 
Intensity 
per LEDJ4.8J 
lCharapter 
Average) 


peak 
Wavelength 


Dominant 
Wayelength(5.7J 


Description 


Peak Luminous 
Intensity 
per LEDI4.8J 
(Character 
Average) 


Peak 
Wavelength 


DomlnantWaveJength[71 


HIGH 
PERFORMANCE 
GREEN 
HDSP-2303 


Description 


Peak 
Luminous 
Intensity 
per LED4.~1 


~gej 


Ve; 
OAV 


Ve '" 2.41,1 
7 
::rr= 


80 ti= 
40 
!J,A 
-800 
j'A 
:"1 ": - 


W 
5 


°C/W/ 
Device 
5 


'" Logical 1 


Vee '" VCOI.'" 4.751,1 


Vce - 5,251,1,VIL - 0 41,1 


Vee - 4.751,1,10H'" -0,5 mA, leoL =0 
mA 


Vee '" 4.751,1,10L - 1,6 mA, leOL '" 0 mA 
Vee - 5.01,1,VeoL - 3,51,1.17.5% DF 
15 LEDs on per character. Ve '" 2AV 


Symbol 
Test Conditions 
Min.r:r 


Units 
Fig. 


IVPeak 
Vee'" 
5.0V, VeoL- 
3.51,1 
130 
/Lcd 
3 
Ti'" 
25° cI6), Va = 2.41,1 


i-PEAK 
nm 


i-d 
639 
I 
nm 


Symbol 
Test Conditions 


~ 


Units 
Fig. 


IVPeak 
Vee - 5.01,1,VeoL 
-3.51,1 
/Lcd 


16 
Ti =' 25° C[6f, VB'" 
2.41,1 


APEAK 
583 
nm 
I 
Ad 
I 585 
( 
nm 


Symbol 
Test Conditions 
Min. 
Typ,' 
Max. 
Units 
Fig. 


IvPeal( 
Vee - 
5.01,1,VeoL 
- 3.5V 
650 
1430 
/Lcd 
6 
1"i = 25° CI6), VB ,.. 2.41,1 


i-PEAK 
635 
11m 
Ad 
626 
nm 


$ymbol 
Test COnditions 


~ 


Typ,· 
Max. 
Units 
Fig. 


I.Peak 
Vec- 
5.01,1,VeOL - 
3.51,1 
2410 
/Lcd 
6 
1"\ ,. 25° C16l, VB"" 
2.4V 


APEAK 
I 
568 
nm 


Ad 
I 
574 
nm 


Notes: 


4. 
The characlers 
are categorized 
for luminous 
intensity 
with the 
intensily 
calegory 
designated 
by a letter cOde on the bottom of 
the package. 
5. 
The HDSP-2301/-2303 
are categOrized 
for cOlor with the cOlor 
categOry designated 
by a number 
cOde On the bottom 
of the 
package. 
6. 
Ti refers to the initial 
case temperature 
of the device 
imme- 
diately priOr to the light measurement. 


7. 
DOminant wavelength 
Ad. is derived from the CIE chromaticity 


diagram, 
and represents 
the single wavelength 
which 
defines 
the color Of the device. 
8. 
The luminOUS sterance 01the LED may be calculated 
using the 
fOllowing 
relationships: 
Lv (cd/m2); 
Iv (Candela)/A 
(Metre)2 


Lv IFoot/ambertsJ; 
rrlv ICandelaJ/A 
IFootl2 


A; 
5.3 X 10-8 M2 ; 5.8 X 10-7 {FOOtl2 


J----'NMAX 
_ 


fo-'Wt5~ 
~'THL 
2.4V 
90% 


CLOCK 
,P~15V 
G;J 
,.. v:t 
Parameter 
Condition 
Min. Typ. 
Max. 
Units 


tHOlO- 
-'SETUP 


fcloCk 
2.4V 
3 
MHz 


DATA 
IN 
15V! 
15V 
15V t 
CLOCK 
Rate 


O.4V~ 
tPl.H,tPHt 


- 
tSETUP 
- 
tHOlD 
Propagation 
Ct 
= 15pF 
125 
ns 
2.4V 
{,.5V 
\,.5V 
delay 
CLOCK 
RL=2.4KO 


DATA OUT 
to 
DATA 
OUT 


O.4V 
FtPHL 
tpLH- 
- 


Figure 
1. Switching 
Characteristics 
HDSP-2300/-2301/-2302/-2303 
(TA = _200 C to +850 C) 
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Figure 4. Peak Column 
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vs. Temperature 
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Power 
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ter display 
module 
features 
Data In and Data Out terminals 
arrayed 
for 
easy 
PC 
board 
interconnection. 
Data 
Out 
represents 
the output 
of the 7th bit of digit 
number 
4 shift 


register. 
Shift 
register 
clocking 
occurs 
on the high 
to low 
transition 
of the Clock 
input. The like columns 
of each char- 
acter in a display 
cluster 
are tied to a single 
pin. Figure 8 is 
the block diagram 
for the displays. 
High true data in the shift 
register 
enables 
the output 
current 
mirror 
driver stage asso- 
ciated 
with each row of LEOs in the 5 x 7 diode 
array. 


The TTL compatible 
VB input 
may either 
be tied to Vee for 
maximum 
display 
intensity 
or 
pulse 
width 
modulated 
to 
achieve 
intensity 
control 
and 
reduction 
in 
power 
consumption. 


The normal 
mode of operation 
input data for digit 4, column 
1 is loaded 
into 
the 7 on-board 
shift 
register 
locations 
1 
through 
7 . Column 
1 data for digits 
3, 2, and 1 is similarly 
shifted 
into the display 
shift register 
locations. 
The column 
1 


input 
is now enabled 
for an appropriate 
period 
of time, T. A 


similar 
process 
is repeated 
for columns 
2, 3, 4 and 5. If the 
time necessary 
to decode 
and load data into the shift register 
is t, then 
with 
5 columns, 
each 
column 
of the display 
is 
operating 
at a duty factor 
of: 


T 
D.F. = 5 (tHI 


Thetime 
frame, t+ T, alloted to each column 
of the display 
is 
generally 
chosen 
to provide 
the maximum 
duty factor 
con- 


sistent 
with the minimum 
refresh 
rate necessary 
to achieve a 
flicker 
free display. 
For most strobed 
display 
systems, 
each 
column 
of the display 
should 
be refreshed 
(turned 
on) at a 
minimum 
rate of 100 times 
per second. 


With columns 
to be addressed, 
this refresh 
rate then gives a 


value for the time t + T of: 


If the device 
is operated 
at 3.0 MHz clock 
rate maximum, 
it is 
possible 
to maintain 
t« 
T. For short display 
strings, the duty 
factor 
will then approach 
20%. 


Forfurther 
applications 
information, 
referto 
HP Application 
Note 1016. 


Display 
Ambient Llahtlna 
Color 
Dim 
Moderate 
8r1ght 


HDSP-2300 
Panelgraphic 
Std. Red 
Dark Red 63 
Ruby Red 60 
Chequers 
Red 118 
Plexiglass 
2423 


HDSP-2301 
Panelgraphic 
Polaroid 
HNCP37 


IYellow> 
Yellow 27 
3M light 
Control 


Chequers 
Amber 
Film 
107 
Panelgraphic 


Gray 10 


HDSp·2302 
Panelgraphic 
Chequers 
Grey 


IHER) 
RUby Red 60 
105 
Note 
1 
Chequers 
Red 112 


HDSP-2303 
Panelgraphic 


IHP Green) 
Green 48 
Chequers 
Green 
107 


The H DSP-2300/-2301 
/-2302/-2303 
are available 
in standard 
ceramic 
dual-in-line 
packages. 
They are designed 
for plug- 
ging into sockets 
or soldering 
into PC boards. The packages 
may be horizontally 
or vertically 
stacked 
for character 
arrays 


of any desired 
size. The 
HDSP-2301/-2302/-2303 
utilize 
a 
high 
output 
current 
IC to provide 
excellent 
readability 
in 
bright 
ambient 
lighting. 
Full power 
operation 
(Vee = 5.25V, 


VB = 2.4V, VeOl = 3.5V) with worst 
case thermal 
resistance 
from 
IC junction 
to ambient 
of 60° C/watVdevice 
is possible 
up to ambient 
temperature 
of 37° C. For operation 
above 
37°C, 
the maximum 
device 
dissipation 
should 
be derated 


linearly 
at 16.7 mW/oC 
(see Figure 
5). With 
an improved 


thermal 
design, 
operation 
at higher 
ambient 
temperatures 


without 
derating 
is possible. 


The HDSP-2300 
uses a lower 
power 
IC, yet achieves 
excel- 
lent 
readabilty 
in 
indoor 
ambient 
lighting. 
Full 
power 


operation 
up to T A = 50° C (Vee = 5.25V, VB = 2.4V, VeOL = 


3.5V) is possible 
by providing 
a total thermal 
resistance 
from 


IC junction 
to ambient 
of 60° C/watVdevice 
maximum. 
For 


operation 
above 
50°C, 
the 
maximum 
device 
dissipation 


should 
be derated 
at 16.7 mW/oC/device 
(see Figure 
2). 


Power derating 
for this family 
of displays 
can be achieved 
in 


several ways. The power supply 
voltage 
can be lowered 
to a 


minimum 
of 4.75V. 
Column 
Input 
Voltage, 
VeoL, 
can 
be 


decreased 
to the recommended 
minimum 
values of 2.6V for 


the HOSP-2300 
and 2.75V for the HOSP-2301/-2302/-2303. 
Also, 
the average 
drive 
current 
can be decreased 
through 


pulse width 
modulation 
of VB. 


The 
HOSP-2300/-2301/-2302/-2303 
displays 
have 
glass 


windows. 
A front 
panel contrast 
enhancement 
filter is desir- 


able 
in most 
actual 
display 
applications. 
Some 
suggested 


filter 
materials 
are provided 
in Figure 9. Additional 
informa- 
tion on filtering 
and constrast 
enhancement 
can be found 
in 


HP Application 
Note 1015. 


Post solder 
cleaning 
may be accomplished 
using 
water 
or 


Freon/alcohol 
mixtures 
formulated 
for vapor 
cleaning 
pro- 


cessing 
or 
Freon/alcohol 
mixtures 
formulated 
for 
room 


temperature 
cleaning. 
Freon/alcohol 
vapor 
cleaning 
pro- 
cessing 
for 
up 
to 
2 
minutes 
in 
vapors 
at 
boiling 
is 


permissible. 
Suggested 
solvents 
include 
Freon 
TF, Freon 


TE, Genesolv 
01-15, Genesolv 
OE-15, and water. I· 
- - 


HERMETIC, EXTENDED 
TEMPERATURE 
RANGE 
5.0mm 
<'20") 5x7 ALPHANUMERIC 
DISPLAYS 
Fliffl HEWLETT 
~~ 
PACKARD 
STANDARD RED 
HDSP'2310/2310TXV12310TXVB 
YEllOW 
HDSP-231112311TXV12311TXVB 
HICH EFFICIENCYRED 
HDSP-2312/2312TXV/2312TXVB 


Features 


• 
WIDE 
OPERATING 
TEMPERATURE 
RANGE 
_550 C TO +85 
0 C 
• 
TRUE 
HERMETIC 
PACKAGE 
• 
CAPABLE 
OF LEVEL A MIL-D-87157 
• 
THREE 
COLORS 
Standard 
Red 
High Efficiency 
Red 
Yellow 
• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
• 
YELLOW 
DISPLAYS 
CATEGORIZED 
FOR 
COLOR 
• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 
CON- 
STANT 
CURRENT 
DRIVERS 
• 
5x7 LED MATRIX 
DISPLAYS 
FULL ASCII 
CHARACTER 
SET 
• 
WIDE 
VIEWING 
ANGLE 
• 
END STACKABLE 
• 
TTL COMPATIBLE 


Typical Applications 


• 
MILITARY 
EQUIPMENT 


• 
AVIONICS 


• 
HIGH 
RELIABILITY 
INDUSTRIAL 
EQUIPMENT 


The 
HDSP-2310 
series 
displays 
are 5.0mm 
(0.20 inJ 5x7 
LED arrays for display 
of alphanumeric 
information. 
These 
devices 
are available 
in standard 
red, yellow 
and high effi- 
ciency 
red. Each four 
character 
cluster 
is contained 
in a 
Package Dimensions 
k 


20.01MAX. 
-I 
(.790) 


---. 
l-o-- 
SEE NOTE 31 
2.84 REF. 
I 
L. 
, 
, 


1.112) 
r--- 
I 
I 


li 
11 
10 
9 I 
8 
7 


hermetic 
12 pin dual-in-Iine, 
solder 
glass 
sealed 
ceramic 
package. 
An on-board 
SJPO (Serial-In-Parallel-Out) 
7-bit 
shift 
register 
associated 
with 
each digit 
controls 
constant 


current 
LED row drivers. 
Full character 
display 
is aChieved 
by external 
column 
strobing. 


P'N 
FUNCTION 
PIN 
FUNCTION 
1 
COLUMN 
1 
7 
DATADUT 
2 
COLUMN 
2 
8 
v. 


3 
COLUMN 
3 
9 
Vr;: 


4 
COLUMN 
4 
10 
CLOCK 
5 
COLUMN 
5 
11 
GROUND 
6 
INT. 
CONNECT· 
12 
DATA 
IN 
'00 NOT 
CONNECT 
OR USE 


NOTES: 


1. 
DIMENSIONS 
IN mm (in"' 
•• ). 


2. 
UNLESS 
OTHERWISE 
SPECIFIED 
THE 


TOLERANCE 
ON ALL 
DIMENSIONS 
IS '.38 
mm 1•. 0'5") 
3. 
CHARACTERS 
ARE 
CENTERED 


WITH 
RESPECT 
TO 
LEADS 
WITHIN 
t.13mm 
(ot,005''"). 


4. 
LEAD 
MATERIAL 
IS GOLD 
PLATED 


COPPER 
ALLOY. 


I 
6.851.270) 
t n 


, 
1'1 
......•• 
1I-- 
.25 •• 05 TVP. 
L 6.36 • .25~ 
1.010 •. 002) 


1.250, 
.010) 


Absolute Maximum Ratings (HDSP-2310/-2311/-2312) 


Supply 
Voltage 
Vee 
to Ground 
-0.5V 
to 6.0V 
Inputs, 
Data 
Out 
and Va 
. . . . . . . . . . . . . . • .. 
-0.5V 
to Vee 


Column 
Input 
Voltage, 
VeOl 
....•....... 
-0.5V 
to +6.0V 


Free Air Operating 


Temperature 
Range, 
T A 1,2 
•• 
• • • • • • •• 
-55° 
C to +85° C 


Storage 
Temperature 
Range, 
Ts 
..... 
-65°C 
to +125°C 


Maximum 
Allowable 
Package 
Dissipation 
at T A = 25° C 1.2,3 
••........•.••••.••...••• 
1.46 
Walls 


Maximum 
Solder 
Temperature 
1.59 mm (.063") 


Below 
Seating 
Plane 
t < 5 sees 
260°C 


Recommended Operating Conditions (HDSP-2310/-2311 /-2312) 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Units 
Fig. 


Supply Voltage 
Vee 
475 
50 
525 
V 


Data Out Current. 
Low State 
IOl 
16 
mA 


Data Out Current. 
H,oh State 
IOH 
-05 
mA 
Column 
Input Voltage, 
Column 
On HDSP-2310 
Veal 
24 
35 
V 
4 


Column 
Input 
Voltage. 
Column 
On HDSP-2311/-23121-2313 
Veal 
275 
35 
V 
4 


Setup Time 
tsetup 
70 
45 
ns 
1 
HoldT,me 
thold 
30 
0 
ns 
1 


Width of Clock 
tW\CIOCk, 
75 
ns 
1 


Clock Frequency 
fcloCk 
0 
3 
MHz 
1 


Clock TranSI!lon Time 
tTHl 
200 
ns 
1 


Free A" Operatin9 
Temperature 
Range 
1.2; 
TA 
-55 
85 
·C 


Electrical Characteristics Over Operating Temperature 
Range 


(Unless 
otherwise 
specified 
I 


Description 
Symbol 
Test Condltlons 
Min. 
Typ." 
Max. 
Units 
Fig. 


Supply Current 
Ice 
Vee = 5.25V 
Va = 0,4V 
45 
60 
mA 
VeloeK = VOATA= 2.4V 
All SR Stages = 
VB = 24V 
73 
95 
mA 
Logical 
1 


Column 
Current 
at any Column 
Input 
leal 
Vee - 5.25 V 
VB =04V 
500 
IJ.A 
Veol 
= 35V 
4 
Column 
Current 
at any Column 
Input 
leal 
All SR Stages = Logical 
1 
VB = 2.4V 
380 
520 
mA 


Va, Clock or Data Input Threshold 
High 
V,H 
2.0 
V 


VB. Data Input Threshold 
Low 
VIL 
Vee =4.75V 
0.8 
V 


Clock Input Threshold 
Low 
V'l 
0.6 
V 


Input Current 
Logical 
1 
VB. Clock 
hH 
20 
80 
IJ.A 


Data In 
IIH 
Vee =5 25V, VI'" = 2 4V 
10 
40 
IJ.A 


Input Current 
Logical 0 
VB, Clock 
hL 
-500 
-800 
IJ.A 


Data In 
hl 
Vee = 5 25V. V,l = 0.4V 
-250 
-400 
IJ.A 


VOH 
Vee = 4.75V. IOH= -0.5 mA, leOL = 0 mA 
24 
3.4 
V 
Data Out Voltage 
VOL 
Vee - 4.75V. IOL = 1.6 mA. leOL - 0 mA 
02 
0.4 
V 


Power DiSSipation Per Package" 
Po 
Vee = 5.0V. Veal 
- 35V. 17.5% OF 
0,78 
W 
2 
15 LEOs on per character. VB = 2.4V 


Thermal Resistance 
IC 
R8J~e 
25 
°C/W/ 
2 
Junctlon-to-Case 
Device 


Leak Rate 
5x10'8 
cc/sec 


Notes: 
1. Operation 
above 85·C ambient 
is possible provided the IC 
junction 
temperature, 
TJ, does not exceed 125"C. 


2. 
The 
device 
should 
be 
derated 
linearly 
above 
:j]" C at 
16,7 mW/" C. This derating 
is based on a device mounted 
in a 
socket 
having 
a thermal 
resistance 
from 
case to ambient 
at 


35" C/W per device. See Figure 2 for power deratings 
based on 
a lower thermal 
resistance. 


3, 
Maximum 
allowable 
dissipation 
is derived from Vee = 5.25V, 


VB = 2.4V, Veal 
= 3.5V 20 LEOs on per character, 
20% OF, 


• 


• 


- - 


Optical Characteristics 


STANDARD 
RED 
HDSP-2310 


Description 
Symbol 
Test Conditions 
Min•. 
Typ.' 
Max. 
Units 
Fig. 


Peak Luminous 
Intl:'nsity 
per LED 4.81 
IvPeak 
Vee = 5.0V. VeOl 
'" 3.5V 
220 
370 
J.lcd 
3 
,Character 
Ave~ 
Tj = 25°CI61, VB" 
2.4V 


Peak Wavelength 
APEAK 
655 
nm 


Dominant 
Wavelength[7j 
Ad 
639 
nm 


Description 
Symbol 
Test Conditions 
Min. 
Typ." 
Max. 
Units 
Fig. 


Peak Luminous 
Intensity 
per LED 
4.8 -- 
Vee - 5.0V, VeOl 
- 3.5V 


(Character 
Average, 
IvPeak 
TJ = 25°CI6J, Va = 2.4V 
650 
1140 
/lcd 
3 


Peak Wavelength 
A.PEAK 
583 
nm 


Dominant 
WavelengthlS.71 
Ad 
585 
nm 


Description 
Symbol 
Test Conditions 
Min. 
Typ." 
Max. 
Units 
Fig. 
Peak Luminous 
Intensity 
per LED 
4.8 
IvPeak 
Vee - 50V, 
VeOl 
- 3.5V 
650 
1430 
/lcd 
3 
Character 
Average 
TJ = 25°C,6:, 
Va = 2.4V 


Peak Wavelength 
ApEAK 
635 
nm 


Dominant 
Wavelengthl71 
Ad 
626 
nm 


•All typical values specified al Vcc 
5.0V and TA 
25° C unless 
otherwise 
noted. 


·*Power 
dissipation 
per package 
wIth 
four 
characters 
Illuminated 


Notes: 


4. 
The 
characters 
are categorized 
for luminous 
Intensity 
with 
the 
Intensity category deslgnaled by a letter code on the bottom of 
the package. 


5. The 
HDSP-2311 
is categorized 
for 
color 
with 
the 
color 
category 
designated 
by a number code on the bottom of the 


package. 


6. The luminous 
intensity 
is measured at TA = Tj = 25°C. No 
time 
is 
allowed 
for 
the 
device 
to 
warm-up 
prior 
to 
measurement. 


The 
HDSP-2310 
series 
of 
four 
charater 
alphanumeric 


displays 
have been 
designed 
to allow 
the 
user 
maximum 
flexibility 
in interface 
electronics 
design. 
Each four charac- 


ter module 
is arranged 
as a 28 bit serial 
in parallel 
out shift 
register 
as is shown 
in Figure 
5. The display 
module 
fea- 


tures 
Data 
In and 
Data Out terminals 
arrayed 
for easy PC 


board 
interconnection. 
Data 
Out 
represents 
the output 
of 
the 
7th 
bit 
of digit 
number 
4 shift 
register. 
Shift 
register 
clocking 
occurs 
on the high 
to low transition 
of the Clock 


input. 
The 
like 
columns 
of 
each 
character 
in a display 
cluster 
are tied 
to a single 
pin. 
Figure 
5 is the block 
dia- 


gram 
for the 
displays. 
High 
true 
data 
in the shift 
register 


enables 
the output 
current 
mirror 
driver 
stage 
associated 


with 
each row of LEOs in the 5x7 diode 
array. 


The TTL compatible 
VB input 
may either 
be tied to Vee for 
maximum 
display 
intensity 
or 
pulse 
width 
modulated 
to 
achieve 
intensity 
control 
and 
reduction 
in 
power 
consumption. 


In the 
normal 
mode 
of operation, 
input 
data 
for 
digit 
4, 


column 
1 
is 
loaded 
into 
the 
7 
on-board 
shift 
register 
locations 
1 through 
7. Column 
1 data for digits 
3,2, and 1 is 
similarly 
shifted 
into the display 
shift register 
locations. 
The 
column 
1 input 
is now enabled 
for an appropriate 
period 
of 


time, T. A similar 
process 
is repeated 
for columns 
2, 3, 4 and 


Dominant 
wavelength 
A.d, IS denved 
from 
the 
CIE 
chromaticity 
diagram. 
and 
represents 
the 
Single 
wavelength 
whIch 
defines 


the color of the device. 


8. The luminOUSslerance of the LED may be calculated uSing the 
follOWing 
relationships: 


Lv Icd/m2) = Iv ICandela)/A 
IMetrel2 


Lv IFootlamberts) = rrlv = (Candela)/A 
IFootl2 
A = 5.3 X 10-8 M2 = 5.8 x 10-7 IFootl2 


5. If the time necessary 
to decode 
and load data into the shift 


register 
is t, then with 5 columns, 
each column 
of the display 


is operating 
at a duty factor 
of: 


DF= __ T_ 
5 (t+T) 


The time frame, t + T, alloted 
to each column 
of the display 
is 


generally 
chosen 
to provide 
the maximum 
duty factor 
con- 


sistent 
with the minimum 
refresh 
rate necessary 
to achieve 
a 


flicker 
free display. 
For most strobed 
display 
systems, 
each 


column 
of the display 
should 
be refreshed 
(turned 
onl 
at a 


minimum 
rate of 100 times 
per second. 


With 
five columns 
to be addressed, 
this 
refresh 
rate then 
gives a value for the time t + T of: 


If the device 
is operated 
at 3.0 MHz clock 
rate maximum, 
it is 


possible 
to maintain 
t«T. 
For short display 
strings, 
the duty 


factor 
will then approach 
20%. 


Forfurther 
applications 
information, 
refer to HP Application 
Note 1016. 


___ 
'/f 


MA 


)( 
___ '~GJ 


CLfK 


_tw- 
2 .V 


¥15V 
\ 
1.SV 
1.SV 90"" 
1.SV 
SERIAL 
28 BIT SIPO SHIFT 
SERIAL 
CLOCK 
DECODED 
REGISlER 
OECODED 


o 4V.J 
'----J 
10% 
DATA 
OAT A LOCA liONS 
DATA 


INPUT 
1-7 
8 -14 
15 - 21 
22 
28 
OUTPUT 
'."--\;j::t -'m", 
2.4V 
'(77 


'(77 


'(77 


'(77 
DATA 
IN 
,.5V! 
1.5V 
1.5V 
~1.5V 


O.'V---=:.J 
CO~SlANT 
CUJAENl 
SINK\NG 


- 
'SETUP 
- 
- 
tHOlO 
~~~~~6NlG 
_ 
LEOOrVEAS 
I 


2.'V 
tv 
\15V 
AOwS I 
ROWS 
ROWS 
ROWS 
DATA 
OUT 
1 
7 
t - 7 
1·7 
1 -7 


O.4V 
F'PHL 
7 
7 
7 
7 


IplH- 
- 


Parameter 
Con<UUon 
Min. 
Typ. 
M••.. 
Unit. 


fCIOCII 
3 
MH7 
LED 
LED 
LED 
LEO 


CLOCK Rare 
MATRIX 
MATRIX 
MATRIX 
MATRIX 


tp11t.11'l1l 
1 
2 
3 
• 


Propagation 
C, 
lSpF 
125 
n. 
delay CLOCK 
Rl-24f<O 


to DATA 
OUT 
5 
5 
5 
5 


Figure 1. Switching 
Characteristics 
HDSP-2310/2311/-2312 
(TA = _550C to +850 C) 
5 
COLUMN 
DRIVE 
INPUTS 


Mechanical and 
Figure 5. Block Diagram 01 HDSP-2310/-2311/-2312 


Thermal Considerations 
gested 
filter 
materials 
are provided 
in Figure 
6. Additional 


The 
HDSP-2310 
series 
displays 
are available 
in standard 
information 
on filtering 
and contrast 
enhancement 
can be 


ceramic 
dual-in-line 
packages. 
They 
are 
designed 
for 
found 
in HP Application 
Note 1015. 


plugging 
into 
sockets 
or soldering 
into 
PC boards. 
The 
Post solder 
cleaning 
may be accomplished 
using 
water 
or 
packages 
may 
be 
horizontally 
or 
vertically 
stacked 
for 


character 
arrays 
of 
any 
desired 
size. 
HDSP-2310 
series 
Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


displays 
utilize 
a high 
output 
current 
IC to provide 
excel- 
processing 
or Freon/alcohol 
mixtures 
formulated 
for room 


lent 
readability 
in 
bright 
ambient 
lighting. 
Full 
power 
temperature 
cleaning. 
Freon/alcohol 
vapor cleaning 
process- 


operation 
(Vee 
= 5.25V, 
VB = 2.4V, 
VeOl 
= 3.5V) 
with 
ing for 
up to 2 minutes 
in vapors 
at boiling 
is permissible. 


worst 
case thermal 
resistance 
from 
IC junction 
to ambient 
Suggested 
solvents 
include 
Freon 
TF, Freon 
TE, Genesolv 


of 60° C/watVdevice 
is possible 
up to ambient 
temperature 
DI-15, 
Genesolv 
DE-15, and water. 


of 37° C. For operation 
above 
3r 
C, the maximum 
device 
Display 
Ambient 
lighting 


dissipation 
should 
be derated 
linearly 
at 16.7 mW/o C (see 
Color 
Dim 
Moderate 
Bright 


Figure 
2). With 
an improved 
thermal 
design, 
operation 
at 
HOSP-2310 
Panelgraphic 
Polaro,d HNCP37 
higher 
ambient 
temperatures 
without 
derating 
is possible. 
Std. Red 
Dark Red 63 
3M Light ControJ 
'.. 
Ruby Red 60 
Film 
Power 
derating 
for this family 
of displays 
can be achieved 
Chequers Red 118 Panelgraph,c 
in several 
ways. The power 
supply 
voltage 
can be lowered 
PJex,gJass2423 
Gray 10 
. 


to a minimum 
of 4.75V. 
Column 
Input 
Voltage, 
VeoL, 
can 
HDSP-2311 
Panelgraph,c 
Chequers Grey 
Polaroid 
be 
decreased 
to 
the 
recommended 
minimum 
values 
of 
,Yeilowl 
Yellow 27 
105 
HNCP10 


2.4V 
for 
the 
HDSP-2310 
and 
2.75V 
for 
the 
HDSP-2311/ 
Chequers Amber 


-2312. 
Also, 
the 
average 
drive 
current 
can 
be decreased 
107 


through 
pulse width 
modulation 
of VB. 
HDSP-2312 
PaneJgraph,c 
The 
HDSP-2310 
series 
displays 
have 
integral 
glass 
win- 
,HER 
Ruby Red 60 


dows. 
A front 
panel 
contrast 
enhancement 
filter 
is 
Chequers Red 112 


desirable 
in most 
actual 
display 
applications. 
Some 
sug- 
Figure 6. Contrast Enhancement Filters 
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Figure 2. Maximum Allowable Power 
Figure 3. Relative Luminous Intensity 
Figure 4. Peak Column Current vs. 


Dissipation vs. Temperature 
vs. Temperature 
Column Voltage 


• 


Two standard reliability testing programs are available. The 
TXVB program 
is in conformance 
with Quality Level A of 
MIL-D-87157 
for 
hermetically 
sealed LED displays 
with 
100% screening tests. A TXVB product is tested to Tables I, 
II, Ilia, and IVa. The TXV program is an HP modification 
to 
the full conformance 
program and offers the 100% screening 


of Quality Level A, Table I, and Group A, Table II. 


With Tables 
Standard Product 
With Tabl. I and II 
1.II,lIIa.IVa 


HDSP~2310 
HDSP-2310 TXV 
HDSP-2310 TXVB 


HDSP-2311 
HDSP-2311 TXV 
HDSP-2311 TXV8 


HDSP-2312 
HDSP-2312 TXV 
HDSP-2312 TXV8 


Test Screen 
Method 
Conditions 


1. Precap Visual 
- 
HP Procedure 5956-7512-52, based on 
MIL-STD-883B 


2. 
High Temperature Storage 
Mll-STD-750 
TA = 125GC, Time = 24 hours 
Method 1032 


3. Temperature 
Cycling 
MIL-STD-750 
Condition 
B, 10 cycles, 15 min. dwell 


Method 1051 


4. 
Constant Acceleration 
MIL-STD-750 
10,000 G's at Y1 orientation 


Method 2006 


5. 
Fine Leak 
MIL-STD-750 
Condition 
H 
Method 1071 


6. 
Gross Leak 
MIL-STD-750 
Condition 
C 
Method 1071 


7. 
Interim Electrical/Optical 
Tests,21 
- 
Ice' at Va = OAV and 2.4V, leol 
lat Va '" 


OAV and 2.4V, 


hH ,Va, Clock and Data In ,hl 
Va, Clock 


and Data In '. IOH,IOl, Visual Function 
and Iv Peak. VIHand VIL inputs are 
guaranteed by the electronic shift 
register test. TA = 25G C 


8. 
Burn-lnL11 
MIL-STD-883 
Condition 
B at Vee = Va = 5.25V, VeOl = 


Method 1015 
3.5V, TA = +850 C. 


LED ON-Time Duty Factor = 5%,35 Dots 
On; t = 168 hours 


9. 
Final Electncal Tesr2 
- 
Same as Step 7 


10. Delta Determinations 
- 
.lIce =:t6 
mA, .lhH .clockl = :t10 }lA, 


.lhH ,Data In) = :t10}lA 


.lIOH = ±10% of initial value. and 
.llv = -20%, TA= 250 C 


11. External Visual 
MIL-STD-883 
Method 2009 


Notes: 
1. Mll-STD-883 
Test Method Applies 
2. limils 
and condilions are per the electrical optical characteristics. The 10H and 10L tests are the inverse of VOH and VOL specified in the 
electrical characteristics. 


SubgrouplTest 
Parameters 
LTPD 


Subgroup 
1 
DC Electrical Tests at 25°C" 
lee 
i at VB = 0.4V and 2.4V , leoL 
5 
at VB= O.4Vand 2.4VI 


IIH .VB, Clock and Data In i, hL iVB, Clock and Data 
In , IOH,IOLVisual Function and Iv peak. VIH and VIL 
inputs are guaranteed by the electronic shift 
register test. 


SUbgroup 2 
DC Electrical Tests at High 
Same as Subgroup 
1, except delete Iv and visual 
7 
Temperature' 
1i 
function, TA = +85° C 


Subgroup 3 
DC Electrical Tests at Low 
Same as Subgroup 1, except delete Iv and visual 
7 
Temperaturei 1 


1 
function, TA = -55°C 


Subgroup 
4, 5, and 6 not tested 


Subgroup 7 
Optical and Functional Tests at 25°C 
Satisfied by Subgroup 
1 
5 


SUbgroup 
8 
External Visual 
7 • 


' 
- - 


MIL-STD-7S0 
SubgrouplTest 
Method 
Conditions 
Sample Size 


Subgroup 
1 
Resistance to Solvents 
1022 
4 Devices/ 
o Failures 


Internal Visual and Mechanicali3i 
2014 
1 Device/ 
o Failures 


Subgro\.lp 
2[1,2J 
Solderability 
2026 
TA= 260° C for 5 seconds 
LTPD = 15 


Subgroup 
3 
Thermal Shock (Temp. Cycle 
1051 
Condition 
B, 10 cycles, 15 min. dwell 
LTPD = 15 
Moisture Resistance 
1021 
Fine Leak 
1071 
Condition 
H 


Gross Leak 
1071 
Condition 
C 
Electrical/Optical 
Endpoints 
4 
- 
Ice iat VB = O.4Vand 2.4V'. 
leol 
Iat VB= O.4Vand 2.4V I. 
IIH (VB. Clock and Data Inl. hl IVa, 
Clock and Data In', IOH,IOl Visual 
Function and Iv peak. VIH and Vil 
inputs are guaranteed by the electronic 
shift register test. TA-= 25° C 


Subgroup 4 
Operating Life Test ,340 hrs., 
1027 
TA = +85°C at Vee = VB= 5.25V. 
LTPD=10 
VeOl = 3.5V. LED ON-Time Duty Fac- 
tor = 5%. 35 Dots On 
Electrical/Optical 
Endpointsl4i 
- 
Same as Subgroup 3 


SUbgroupS 
Non-operating! 
Storage I Life 
1032 
TA = +125°C 
LTPD=10 
Test 1340hrs.' 
Electrical/Optical 
Endpoints 
4 
- 
Same as Subgroup 3 


Noles: 


1. 
Whenever 
electrical/optical 
tests 
are 
not 
required 
as endpoints, 
electrIcal 
rejects 
may 
be used 
2. 
The 
L TPD 
applies 
to the 
number 
of leads 
inspected 
except 
In no case shall less than 
3 displays 
be used 
to provide 
the 
number 
of leads 
required. 


3. 
MIL-STD-883 
test methods apply. 


4. 
Limits 
and 
conditions 
are 
per 
the 
electrical/optical 
characteristics. 
The 
IOH and 
IOL tests 
are 
the 
inverse 
of VOH 
and 
VOL specified 
in the 
electncal 
characteristics. 


MIL·STO"750 


Subgroup/Test 
Method 
Conditions 
Sample Size 


Subgroup 
1 
Physical Dimensions 
2066 
2Devicesl 
o Failures 


Subgroup 
2(2.7} 
Lead Integrity 
2004 
Condition 
B2 
LTPD"'- 15 


Fine Leak 
1071 
Condition H 


Gross Leak 
1071 
ConditionC 


Subgroup 3 
Shock 
2016 
1500G. Time = 0.5 ms. 5 blows in 
LTPD=15 
each orientatiol) Xl, Y" Y2 


Vibration. Variable Frequency 
2056 


Constant Acceleration 
2006 
10,OOOGat Y, orientation 


External VisuaU4f 
1010 or 1011 


Electrical/Optical 
Endpoints18i 
- 
leelat 
Va=O.4V 
and 2.4Vf 


leoUat 
Va= O.4Vand 2.4V, 


IlHWa, Clock and Data 1m 
III IVa, Clock and Data Inr 
IOH,IOl, Visual Function and Iv peak. 
VIH and Vil inputs are guaranteed by 
the electronic shift register 
test. TA= 25°C. 


Subgroup 
4[1,3} 
Salt Atmosphere 
1041 
LTPD= 
15 


External VisuaU41 
1010 or 1011 


Subgroup 
5 
Bond Strengthl51 
2037 
Condition 
A 
LTPD=20 


(C""O, 


SubgroupS 
Operating Life Testl6i 
1026 
TA=+85°C 
atVce"'Va 
'" 5.25V. 
VCOL'" 3.5V. 35 Dots On 
;"=10 


Electrical/Optical 
Endpoints181 
- 
Same as Subgroup 3 


Noles: 
1 
Whenever electrical/optical 
tests are not required as endpoints. electrical rejects may be used. 
2. The l TPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 
3. Solderability samples shall not be used. 
4. Visual requirements shall be as specified in Mll-STD-883. 
Methods 1010 or 1011 
5. Displays may be selected prior to seal. 
6. If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements. the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases. either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000hour endpoint measurement shall be used asthe basis for both 
Group B and Group C acceptance. 
7. MIL-STD-883 test method applies. 
8. Limits and conditions are per the electrical/optical 
characteristics. The 10Hand 10Ltests are the inverse of VOHand VOLspecified in the 
electrical characteristics. 


FOUR CHARACTER 6.9 mm (0.27 INCH) 
5X7 ALPHANUMERIC DISPLAYS 
5TANOARO REO 
H05P-2490 
YELLOW 
H05P-2491 
HIGH EFFICIENCYREO 
H05P-2492 
HIGHPERFORMANCEGREEN HOSP-2493 


FliHW HEWLETT 
~e.tI PACKARD 


Features 


• 
FOUR 
COLORS 
Standard 
Red 
Yellow 
High 
Efficiency 
Red 
High 
Performance 
Green 


• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 
CONSTANT 
CURRENT 
DRIVERS 


• 
COMPACT 
CERAMIC 
PACKAGE 


• 
WIDE VIEWING 
ANGLE 


• 
END STACKABLE 
FOUR 
CHARACTER 
PACKAGE 


• 
TTL COMPATIBLE 


• 
5 x 7 LED MATRIX 
DISPLAYS 
FULL ASCII 
SET 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• 
HDSP-2491/2493 
ALSO 
CATEGORIZED 
FOR 
COLOR 
Description 


The H DSP-2490/-2491 
/-2492/-2493 
series of displays are 6.9 
mm (0.27 inch) 5 x 7 LED arrays for display 
of alphanumeric 


information. 
These 
devices 
are available 
in standard 
red, 


yellow, 
high 
efficiency 
red, and high 
performance 
green. 


-Iq-------- 
35.6 (1,40) MAX 
f-------.J- •.•1.191 


I 


PIN 1 
MARkED 
8YDOT 
ON8ACJ< 
OF 
PACKAGE 


r- 
-1 
r--1 
I 
I 
I 
I 
-~-~I- 
2 -t- - -+---3-~1-~-, 


I 
I 
I 
I 


L _ 
_J 
L__J 


• 


• 
Instruments 
• 
Business 
Machines 
• 
Industrial 
Process 
Control 
Equipment 
• 
Medicallnstruments 


Each four character 
cluster 
is contained 
in a 28 pin dual-in- 


line 
package. 
An 
on-board 
SIPO 
(Serial-In-Parallel-Out) 


7-bit shift register 
associated 
with each digit 
controls 
con- 
stant 
current 
LED 
row 
drivers. 
Full 
character 
display 
is 
achieved 
by external 
column 
strobing. 


PIN 
FUNCTION'" 
PIN 
FUNCTION 
, 
NO CONNECT 
,. 
NO 
CONNECT 


2 
COLUMN 
1 
,. 
DATA 
DUT 


3 
COLUMN 
1 
17 
DATA 
DUT 


4 
COLUMN 
2 
18 
V, 
• 
COLUMN 
2 
19 
V, 
• 
COLUMN 
3 
20 
Vo< 
7 
COLUMN 
3 
21 
V'" 
8 
COLUMN 
.• 
22 
CLOCK 
9 
COLUMN 
-4 
2J 
CLOCK 
,. 
COLUMN 
5 
24 
GROUND 


11 
COLUMN 
5 
25 
GROUND 


12 
INT. CONNECTlll 
26 
DATA 
IN 
13 
INT. 
CONNECTI21 
27 
DATA 
IN 


14 
NO CONNECT 
28 
NO 
CONNECT 


NOTES 
1. All 
USEABlE FUNCTION 


PINS 
ARE 
REOUNDANT 
El.ECTRICAL 
CONNECTION 


CAN 
8E 
MADE 
TO 
EITHER 
PIN 
OR 
8OTIi, 


2, DO NOT CONNECT 
OR USE. 


3. DIMENSIONS 
1111 


mmHNCHESI. 


4. 
UNlE.SS 
OTHERWISE 


SPECIFIED. 
THE 
TOl..ERANCE ON ALL 


DIMEHSJONS 
IS 
38 mm 


h ,015 
INCHESI 


Supply 
Voltage 
Vee to Ground 
.....•.... 
-0.5V 
to 6.0V 


Inputs, 
Data Out and VB . . . ... 
. . .....•... 
-0.5V 
to Vee 
Column 
Input 
Voltage, 
VeOl 
.........•.. 
-0.5V 
to +6.0V 


Free Air Operating 


Temperature 
Range. T A [1,2) 
......•. 
-20° 
C to +85° C 


Storage 
Temperature 
Range, Ts 
..... 
-55°C 
to +100°C 
Maximum 
Allowable 
Package 
Dissipation 
at T A = 25° C 12.3 
1.46 Watts 
Maximum 
Solder 
Temperature 
1.59 mm 
0.63", 


Below 
Seating 
Plane t < 5 see 
260°C 


Recommended operating Conditions 
(HDSP-2490/-2491/-2492/-2493) 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Unlls 
Fig. 


Supply Vollage 
Vee 
475 
50 
525 
V 


Data Out Current 
Low State 
10L 
16 
mA 


Data Out Current 
H'Qh State 
10H 
-05 
mA 


Column Input Voltage. Column On HDSP-2490 
VeoL 
2.4 
35 
V 
4 


Column Input Voltage. Column On HDSP-2491/-2492/-2493 
VeoL 
275 
35 
V 
4 


Setup Time 
tsetup 
70 
45 
ns 
1 
Hold T,me 
thola 
30 
0 
ns 
1 


Width of Clock 
tWlCiock 
75 
ns 
1 


Clock Frequency 
!clock 
0 
3 
MHz 
1 


Clock Transition Time 
tTHL 
200 
ns 
1 


Free Air Operating Temperature Range '1.2 
TA 
-20 
85 
°C 
2 


Electrical Characteristics Over Operating Temperature 
Range 


IUnless 
otherwise 
specified 


Description 
Symbol 
Test Condltlons 
Min. 
Typ.' 
Max. 
Units 
Fig 
Supply Current 
Ice 
Vee - 5.25V 
Ve=04V 
45 
60 
mA 
VeloeK = VOATA'" 2 4V 
All SR Stages '" 
Va=24V 
73 
95 
mA 
Logical 1 


Column Current at any Column Input 
leoL 
Vee = 5.25 V 
Va = OAV 
500 
J.lA 
VeoL=3.5V 
4 
Column Current at any Column Input 
IeOL 
All SR Stages = Logical 1 
Va = 2AV 
380 
520 
mA 
Va. Clock or Data Input Threshold High 
V,H 
20 
V 
Va, Clock or Data Input Threshold Low 
V'L 
Vee = VeOL = 4.75V 
08 
V 
Input Current Logical 1 
Va, Clock 
hH 
Vee = 525V. V'H = 2AV 


20 
80 
J.lA 
Data In 
IIH 
10 
40 
J.lA 
Input Current Logical 0 
Va, Clock 
hL 
-500 
-800 
"A 
Data In 
hl 
Vee '" 5.25V. VIL '" 04V 
-250 
-400 
J.lA 


Data Out Voltage 
VOH 
Vee - 4.75V, 10H= -0.5 mA, leoL = 0 mA 
24 
304 
V 
VOL 
Vee = 4.75V, 10L -1.6 
mA. leOl -0 
mA 
0.2 
004 
V 


Power Dissipation Per Package" 
Po 
Vec - 5.0V, Veol = 3.5V, 17.5% OF 
0.78 
W 
2 
15 LEOs on per character, Va = 2.4V 


Thermal ReSistance tC 
R8J-c 
20 
·C/W/ 
2 
Junction-to-Case 
Device 


Notes: 
1. Operation 
above 
85° C ambient 
is possible 
provided 
the 
following 
conditions 
are 
met. 
The 
junction 
should 
not 
exceed 
125°C 
TJ and the case temperature 
as measured 
at 
pin 
1 or 
the 
back 
of the 
display 
should 
not 
exceed 
WO°C Tc. 


2. The 
device 
should 
be 
derated 
linearly 
above 
60° C 
at 
22.2 mW/OC. This derating 
is based on a device mounted in a 
socket 
havin9 a thermal 
resistance 
from case to ambient 
at 


25° C/W per device. See Figure 2 for powerderatings 
based on 
a lower thermal resistance. 


3. Maximum allowable dissipation is derived from Vee '" 5.25V, Va 


'" 2AV, VCOL'" 3.5V 20 LEOs on per character, 20% OF. 


Optical Characteristics 


STANDARD 
RED HDSP-2490 


Description 
Symbol 
Test Conditions 
Min. 
Typ.- 
Max. 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LED14,81 
IvPeak 
Vee - 
5,OV, VeOL - 3,5V 
220 
370 
/lcd 
3 
,Character 
Averaae) 
Ti = 25° C16], VB = 2.4V 


Peak 
Wavelength 
APEAK 
655 
nm 


Dominant 
Wavelengthi7] 
Ad 
639 
nm 


Description 
Symbol 
Test Conditions 
Min. 
Typ.* 
Max. 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LEDl4,81 
IvPeak 
Vee = 5,OV, VeOL = 3,5V 
850 
1400 
/led 
3 
(Character 
Average) 
T, = 25°C16J, VB = 2.4V 


Peak 
Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelength(5, 
7] 
Ad 
585 
nm • 


Description 
Symbol 
Test Conditions 
Min. 
Typ.* 
Max. 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LED14.81 
IvPeak 
Vee - 
5.0V, VeOL - 3.5V 
850 
1530 
/lcd 
3 
(Character 
Average) 
Ti = 25° Ci6J, VB = 2.4V 


Peak Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelength[7] 
Ad 
626 
nm 


Description 
Symbol 
Test Conditions 
Min. 
Typ.- 
Max. 
Units 
Fig. 
Peak 
Luminous 
Intensity 
per LED 
4,8 


IvPeak 
Vee - 
5.0V, VeOL - 3.5V 
1280 
2410 
/lcd 
3 
(Character 
Average) 
Ti = 25008J, 
VB = 2.4V 


Peak Wavelength 
APEAK 
568 
nm 


Dominant 
Wavelength 
[5.7] 
Ad 
574 
nm 


Notes: 
4. 
The characters 
are categorized 
for luminous 
intensity 
with the 


intensity 
category 
designated 
by a letter code on the bottom of 
the package. 
5. 
The HDSP-24911-2493 
are categorized 
for color with the color 
category 
designated 
by a number 
code on the bottom 
of the 


package. 
6. 
Ti refers to the initial 
case temperature 
of the device 
imme- 


diately prior to the light measurement. 


The 
H DSP-249X 
series 
of four 
character 
alphanumeric 
dis- 


plays 
have 
been 
designed 
to 
allow 
the 
user 
maximum 


flexibility 
in interface 
electronics 
design. 
Each 
four 
charac- 


ter display 
module 
features 
Data 
In and 
Data Out terminals 
arrayed 
for 
easy 
PC 
board 
interconnection. 
Data 
Out 


represents 
the 
output 
of the 
7th 
bit of digit 
number 
4 shift 
register. 
Shift 
register 
clocking 
occurs 
on the 
high 
to low 


transition 
of the clock 
input. 
The like columns 
of each 
char- 


acter 
in a display 
cluster 
are tied to a single 
pin. 
Figure 
5 is 
the block 
diagram 
forthe 
displays. 
High true data in the shift 


register 
enables 
the output 
current 
mirror 
driver 
stage asso- 


ciated 
with 
each 
row of LEDs 
in the 5 x 7 diode 
array. 


The TTL 
compatible 
VB input 
may either 
be tied 
to Vee for 


maximum 
display 
intensity 
or 
pulse 
width 
modulated 
to 
achieve 
intensity 
control 
and 
reduction 
in 
power 
con- 


sumption. 


The normal 
mode 
of operation 
input 
data for digit 
4, column 
1 is loaded 
into 
the 
7 on-board 
shift 
register 
locations 
1 
through 
7 . Column 
1 data 
for digits 
3, 2, and 
1 is similarly 


shifted 
into the display 
shift 
register 
locations. 
The column 
1 


input 
is now 
enabled 
for an appropriate 
period 
of time, 
T. A 


7. 
Dominant 
wavelength 
Ad, is derived from the CIE chromaticity 


diagram. 
and represents 
the single wavelength 
which 
defines 


the color of the device. 


8. 
The luminous 
sterance of the LED may be calculated 
using the 
following 
relationships: 


Lv (cd/m2) = Iv (Candela)/A 
(Metre)2 


Lv (Footlambertsl 
= 7Tlv(Candelal/A 
(Footl2 
A = 5.3 x 10-8 M2 = 5.8 x 10-7 I Foot 2 


similar 
process 
is repeated 
for columns 
2, 3, 4 and 
5. If the 


time 
necessary 
to decode 
and load data into the shift 
register 


is t, then 
with 
5 columns, 
each 
column 
of 
the 
display 
is 


operating 
at a duty 
factor 
of: 


T 
D.F. = 5 (t + T) 


The time frame, 
t + T, alloted 
to each column 
of the display 
is 


generally 
chosen 
to provide 
the maximum 
duty 
factor 
con- 
sistent 
with the minimum 
refresh 
rate necessary 
to achieve 
a 


flicker 
free display. 
For most 
strobed 
display 
systems, 
each 


column 
of the display 
should 
be refreshed 
(turned 
on) at a 


minimum 
rate of 100 times 
per second. 


With 
columns 
to be addressed, 
this 
refresh 
rate then 
gives a 


value 
for the time 
t + T of: 


1/[5 
x (100)/ = 2 msec 


If the device 
is operated 
at 3.0 MHz clock 
rate maximum, 
it is 


possible 
to maintain 
t« 
T. Forshort 
display 
strings, 
the duty 


factor 
will then 
approach 
20%. 


Forfurther 
applications 
information, 
refer to HP Application 


Note 
1016. 


DATA 
IN _ .•• 
~ 
Iv··v 
""-.'7 ""-.')' ""'-')' ""'-')' 
1.5V 
1.SV 
I 
1.5V 


O.4V 


COJSTANT 
CUJRENT 
SINKING 
-tSETuP 
-- 


I· 
-- 
tHOLD 
BLANKING 
lED 
DRIVERS 
2.4V 


~ 


CONTROL - 
DATA OUT 
1.5V 
ROWS I 
ROWS TROWS 
t 
ROWS 


'·7 
1-, 
1-7 
1· 
7 


O.4V 
7 
7 
7 
7 


tpLH- 
I-- 
-I 
~tPHL 


~.,.mel" 
Condt-Uon 
Min. ITyp. 
MaJ<. Unit, 


~~tKAate 
I 
3 
MHz 
LED 
LEO 
LED 
LEO 


MATRIX 
MATRIX 
MAlRi 
MATRIX 


bltl. t'HI 
1 
2 
3 
4 
PropagatIon 
C\ = 1SpF 


I 


125 
n. 
delay 
CLOCK 
R\.::24KH 
to DATA 
OUT 
5 
5 
5 
5 


Figure1. Switching CharacteristicsHDSP-2490/-2491/-2492/-2493 
(TA = _20'C to +85' C) 
5 
COLUMN 
DRIVE 
INPUTS 


Mechanical and 
Figure5. Block Diagramof HDSP-2490/-2491/-2492/-2493 
Thermal Considerations 
tion on filtering and contrast enhancement 
can be found in 


The HDSP-24901-2491/-2492/-2493 are available in standard 
HP Application 
Note 1015. 


ceramic dual-in-line 
packages. They are designed for plug- 
Post solder cleaning may be accomplished 
using water or 


ging into sockets or soldering into PC boards. The packages 
Freon/alcohol 
mixtures formulated 
for vapor cleaning pro- 


may be horizontally or vertically stacked for character arrays 
cessing 
or Freon/alcohol 
mixtures 
formulated 
for 
room 


of any desired size. The HDSP-2490/-2491/-2492/-2493 
util- 
temperature 
cleaning. 
Freon/alcohol 
vapor cleaning 
pro- 


ize a high output current IC to provide excellent readability 
cessing 
for 
up 
to 
2 
minutes 
in 
vapors 
at 
boiling 
is 


in bright 
ambient 
lighting. 
Full power operation 
(Vee = 
permissible. 
Suggested 
solvents include 
Freon TF, Freon 


5.25V, VB = 2.4V, VeOl = 3.5V) with worst case thermal 
TE, Genesolv DI-15. Genesolv DE-15, and water. 


resistance from IC junction 
to ambient of 45° C/wattldevice 
Display 
Ambient Lightina 
is possible up to ambient temperature of 60° C. For operation 
Color 
Dim 
Moderate 
I"right 


above 60°C, the maximum 
device dissipation 
should 
be 
HOSP·2490 
Panelg(apnic 
! 


derated 
linearly 
at 22.2 mW/o C (see Figure 2). With an 


Sfd Red 
Dark. 
Red 
63 


Ruby 
Red 
60 


improved 
thermal 
design, 
operation 
at higher 
ambient 
Chequers 
Red 118 


temperatures without derating is possible. 
Plextglass 2423 
- 
HOSP-2491 
Panelgraphic 
PolarOid 
HNCP37 


Power derating for this family of displays can be achieved in 
Yellow 
Yellow 27 
3M Light Control 
Chequers 
Amber 
Film 
several ways. The power supply voltage can be lowered to a 
107 
Panel graphIc 


minimum 
of 4.75V. Column 
Input Voitage. VeoL. can be 
Gray 10 


decreased to the recommended 
minimum values of 2.4V for 
HOSP·2492 
Panelgraphlc 
Chequets 
Grey 
HER 
Ruby 
Red 60 
105 
the HDSP-2490 and 2.75V for the HDSP-2491/-2492/-2493. 
Chequers 
Red 112 
Note1 


Also. the average 
drive current can be decreased through 
HOSP·2493 
Panelgraphlc 


pulse width modulation 
of VB. 
tiP Gtean 
Gteen ti8 
Chequers 
Green 


The 
HDSP-2490/ -2491/-2492/-2493 
displays 
have glass 


107 


windows. A front panel contrast enhancement filter is desir- 
Note: 1. Optically coated circular polarized filters, such as 


able in most actual display applications. 
Some suggested 
POlaroidHNCP10. 
filter materials are provided in Figure 6. Additional informa- 
Figure 6. Contrast EnhancementFilters 
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_·C 
TJ - JUNCTION 
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_·C 
VCOl - COLUMN 
VOLTAGE 
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Figure2. MaximumAllowablePower 
Figure3. RelativeLuminous Intensity 
Figure4. PeakColumn Current vs. 


Dissipationvs.Temperature 
vs.Temperature 
Column Voltage 


Fli;' 
HEWLETT 
~e. PACKARD 


HERMETIC, EXTENDED TEMPERATURE RANGE 
6.9mm 
t27") 5x7 ALPHANUMERIC DISPLAYS 


Features 


• 
WIDE 
OPERATING 
TEMPERATURE 
RANGE 


_550 C TO +850 C 


• 
TRUE 
HERMETIC 
PACKAGE 


• 
CAPABLE 
OF LEVEL A MIL-D-87157 


• 
THREE 
COLORS 


Standard 
Red 


High 
Efficiency 
Red 


Yellow 
High 
Performance 
Green 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


• 
YELLOW 
DISPLAYS 
CATEGORIZED 
FOR 


COLOR 


• 
INTEGRATED 
SHIFT 
REGISTERS 
WITH 


CONSTANT 
CURRENT 
DRIVERS 


• 
5x7 LED MATRIX 
DISPLAYS 
FULL ASCII 


CHARACTER 
SET 


• 
WIDE VIEWING 
ANGLE 


• 
END STACKABLE 


• 
TTL COMPATIBLE 


Description 


The HDSP-2450 series displays are 6.9mm (0.27 in.) 5x7 
LED arrays for display of alphanumeric information. These 
devices are available in standard red, yellow, high effi- 
ciency 
red and 
high 
performance 
green. 
Each four 
character cluster is contained in a hermetic 28 pin dual-in- 


PIN 1 
MARK EO 
SYDOr 
ON BACK 
OF 
PACKAGE 


r-r-1 
r--, 
I 
I 
I 
I 
-+---;1- 
2 --+- - -+--3-"'1--'-- 


I 
I 
I 
I 
L _ 
_J 
L__J 


Sf ANDARD RED 
HDSP'245012450TXV 12450TXVB 
YELLOW 
HDSp·245112451TXV /2451 TXVB 
HIGH EFFICIENCYRED 
HDSp·2452/2452TXV!2452fXVB 
I· 
- - 


Typical Applications 


• 
MILITARY 
EQUIPMENT 


• 
AVIONICS 


• 
HIGH 
RELIABILITY 
INDUSTRIAL 
EQUIPMENT 


line, solder glass sealed ceramic package. An on-board 
SIPO (Serial-In-Parallel-Out) 7-bit shift register associated 
with each digit controls constant current LED row drivers. 
Full character display is achieved by external column 
strobing. 


PIN 
I FUNCTIONI'I 
PIN 
FUNCTION 


1 
I NO CONNECT 
15 
NO 
CONNECT 
2 
COLUMN 
1 
" 


DATA 
OUT 


3 
COLUMN 
1 
17 
DATA 
OUT 
. 
COLUMN 
2 
" 
V, 


5 
COLUMN 
2 
,. 
V, 


• 
COLUMN 
3 
20 
V" 
, 
COLUMN 
J 
21 
V" 
, 
COLUMN 
4 
22 
CLOCK 
, 
COLUMN 
4 
2J 
CLOCK 


1-.2.~ 
COLUMN 
5 
24 
GROUND 
" 


COLUMN 
5 
2S 
GROUND 
12 
INT. 
CONNECTI21 
26 
DATA IN 


13 
INT. CONNECTI21 
27 
DATA IN 
14 
NO CONNECT 
26 
NO 
CONNECT 


NOTES 
1 A.lL USEA8lE fUNCTION 


PINS 
ARE 
REDUNDANT. 
ELECTRICAL 
CONNECTION 
CAN 
Be 
MA-OE 
TO 
EITHER 
PIN 
OR 
BOTH 
2. 
00 
1Il0T 
CONNECT 
OR 
USE 
3 
OIMENS10~S 
IN 
I\'VI\HNCHE$J 
4. UNUSS 
OTHERWISE 
SPECIFIEO, THe 
TOLERANCE ON All 
DIMENSIONS IS· 
38 mft\ 
(·,o15INCHf$t 
5. t.EADMATEAIAL 
IS 
001.0 PLAno 
CoPPER 
Al.LOY 


Absolute Maximum Ratings (HDSP-2450/-2451/-2452) 


Supply 
Voltage 
Vee 
to Ground 
-0.5V 
to 6.0V 
Inputs. 
Data 
Out 
and VB . . .. . .. . .. . .. .•.. 
-0.5V 
to Vee 
Column 
Input 
Voltage. 
VeOl 
....•....... 
-0.5V 
to +6.0V 


Free Air Operating 
Temperature 
Range. 
TA 1.2 
•••.••.••. 
-55°C 
to +85°C 


Storage 
Temperature 
Range, 
Ts 
..... 
-65°C 
to +125°C 


Maximum 
Allowable 
Package 
Dissipation 
at T A = 25° C 
1,2,3 
••••••••••••••••••••••••• 
1.46 Walts 


Maximum 
Solder 
Temperature 
1.59 mm (0.63") 


Below 
Seating 
Plane 
t < 5 sees 
260°C 


Recommended operating Conditions (HDSP-2450/-2451/-2452) 


Parameter 
Symbol 
Min. 
Nom. 
Max. 
Units 
Fig. 


Supply Voltage 
Vee 
475 
50 
525 
V 


Data Out Current, 
Low State 
10l 
16 
mA 


Data Out Current. 
High State 
10H 
-05 
mA 


Column 
Input Voltage. Column 
On HDSP-2450 
VeoL 
2.4 
35 
V 
4 


Column 
Input Voltage. 
Column 
On HDSP·2451/2452/2453 
VeOl 
275 
35 
V 
4 


SetupT.me 
tsetup 
70 
45 
ns 
1 
Hold Time 
tnold 
30 
0 
ns 
1 


W.dth of Clock 
tW1Clt1Ck} 
75 
ns 
1 


Clock Frequency 
fcloCk 
0 
3 
MHz 
1 


Clock Trans.t.on 
T.me 
ITHL 
200 
ns 
1 


Free Air Operating 
Temperature 
Range 
1.2 
TA 
·55 
85 
°C 


Electrical Characteristics Over operating Temperature 
Range 


(Unless 
otherwise 
specified 
I 


DeSCription 
Symbol 
Test Conditions 
Min. 
Typ." 
Max. 
Units 
Fig. 
Supply Current 
Ice 
Vee = 5.25V 
Va = OAV 
45 
60 
mA 
VeLoeK = VOATA= 2AV 
All SR Stages = 
VB = 2.4V 
73 
95 
mA 
Log.cal1 


Column 
Current at any Column 
Input 
leoL 
Vee = 5.25 V 
Va = Oo4V 
500 
p.A 
VeOl = 3.5V 
4 
Column 
Current 
at any Column 
Input 
leol 
All SR Stages = Logical 1 
Va= 2.4V 
380 
520 
mA 


Va. Clock or Data Input Threshold 
Hiah 
VIM 
2,0 
V 


Va. Data Input Threshold 
Low 
Vil 
Vee = 4.75V 
0.8 
V 


Clock Input Threshold 
Low 
V'l 
06 
V 
Input Current 
Logical 
1 
Va. Clock 
11M 
20 
80 
p.A 


Data In 
11M 
Vee = 5.25V. VIH = 2 4V 
10 
40 
p.A 


Input Current 
Logical 0 
VB. Clock 
ilL 
·500 
-800 
p.A 


Data In 
ilL 
Vee = 5.25V. V,L = Oo4V 
·250 
-400 
p.A 


YOM 
Vee - 4.75V. 10H- -0.5 mA. leOl - 0 mA 
204 
304 
V 
Data Out Voltage 
VOL 
Vee - 4.75V 10l -1.6 
mA. leeK =0 
mA 
02 
0.4 
V 


Power Dissipation 
Per Package" 
Po 
Vee = 5.0V. VeoL = 3.5V. 17.5% OF 
0.78 
W 
2 
15 LEOs on per character. VB = 2.4V 


Thermal 
Resistance IC 
ROJ-e 
20 
°C/WI 
2 
Junction-te-Case 
Device 


Leak Rate 
5x1Q-8 
cc/sec 


Notes: 


1, Operation 
above 85°C ambient 
is possible provided the IC 
junction 
temperature, 
TJ. does not exceed 125°C. 


2. The 
device 
should 
be 
derated 
linearly 
above 
60° C 
at 
22,2 mW/ 


O C. This derating 
is based on a device mounted 
in a 
socket 
having 
a thermal 
resistance 
from 
case to ambient 
at 


25° C/W per device. See Figure 2 for power deratings 
based on 


a lower thermal 
resistance. 


3. 
Maximum 
allowable 
dissipation 
is derived from Vee = 5.25V. VB 
= 204V,VeOL = 3.5V 20 LEOs on per character. 
20% OF. 


Optical Characteristics 
(continued) 


STANDARD 
RED 
HDSP-2450 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ.* 
Max. 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LED 
4,8 
IvPeak 
Vee - 
5.0V, VeOL - 3,5V 
220 
370 
/Lcd 
3 
I Character 
Averaoe) 
Tj = 25"Ci6;, 
Va = 2.4V 


Peak Wavelength 
APEAK 
655 
nm 


Dominant 
WavelengthF} 
Ad 
639 
nm 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ.* 
Max, 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LED,4,8 
IvPeak 
Vee - 
5.0V. VeOL - 3,5V 
850 
1400 
/LCd 
3 
'Character 
Average) 
TJ = 25" C161.Va = 2.4V 


Peak Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelength[S,?J 
Ad 
585 
nm 


Description 
Symbol 
Test 
Conditions 
Min. 
Typ.* 
Max, 
Units 
Fig. 


Peak 
Luminous 
Intensity 
per LED 
4,8 
[vPeak 
Vee - 
5.0V, VeOL - 
3.5V 
850 
1530 
/Lcd 
3 
I Character 
Average) 
Tj = 25°C[6, 
Va = 2.4V 


Peak 
Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelength!?! 
Ad 
626 
om 


'AII typical 
values specified 
at Vcc = 5.QV and TA = 25'C 
unless 
otherwise 
noted. 


"Power 
dissipation 
per package with four characters 
illuminated. 


Notes: 


4. 
The characters 
are categorized 
for luminOUS Intensity With the 
intenSity category 
designated 
by a letter code on the bottom of 
the package. 
5. 
The HDSP-2451 
is categorized 
for color 
with the color 
cate- 


gory 
designated 
by a number 
code 
on the bottom 
of the 
package. 


6. 
The luminous 
intensity 
is measured at TA = Tj = 25' C, No time 


is allowed for the device to warm-up 
prior to measurement. 


The 
HDSP-2450 
series 
of 
four 
character 
alphanumeric 
displays 
have 
been 
designed 
to allow 
the 
user 
maximum 
flexibility 
in 
interface 
electronics 
design, 
Each 
four 


character 
display 
module 
features 
Data 
In and 
Data 
Out 
terminals 
arrayed 
for easy 
PC board 
interconnection. 
Dala 
Out 
represents 
the 
output 
of the 
7th 
bit of digit 
number 
4 


shift 
register. 
Shift 
register 
clocking 
occurs 
on the 
high 
to 


low transition 
of the 
Clock 
input. 
The 
like columns 
of each 


character 
in 
a 
display 
cluster 
are 
tied 
to 
a 
single 
pin. 
Figure 
5 is the 
block 
diagram 
for 
the 
displays, 
High 
true 
data 
in the 
shift 
register 
enables 
the 
output 
current 
mirror 


driver 
stage 
associated 
with 
each 
row 
of LEOs 
in the 
5x7 


diode 
array. 


The TTL 
compatible 
VB input 
may either 
be tied 
to Vcc 
for 


maximum 
display 
intensity 
or 
pulse 
width 
modulated 
to 


achieve 
intensity 
control 
and 
reduction 
in 
power 


consumption. 


The normal 
mode 
of operation 
input 
data for digit 
4, column 


1 is loaded 
into 
the 
7 on-board 
shift 
register 
locations 
1 


through 
7. Column 
1 data 
for 
digits 
3, 2, and 
1 is similarly 
shifted 
into the display 
shift 
register 
locations. 
The column 
1 


input 
is now enabled 
for an appropriate 
period 
of time, 
T, A 


similar 
process 
is repeated 
for columns 
2,3,4 
and 5, If the 


? 
Dominant 
wavelength 
Ad, is derived from the CIE chromaticity 
diagram, 
and represents 
the single wavelength 
which 
defines 
the color of the device. 


8. 
The luminOUS sterance of the LED may be calculated 
uSing the 
follOWing relationships: 


Lv cdfm2 
= Iv 
Candela fA 
Metre 2 


Lv IFootlambertsl 
= 7TlvICandelalfA 
IFootl2 
A = 5.3 x 10-8 M2 = 5.8 x 10.7 
Foot 2 


time necessary 
to decode 
and load data into the shift 
register 
is t, then 
with 
5 columns, 
each 
column 
of 
the 
display 
is 
operating 
at a duty 
factor 
of: 


T 
D.F.=--- 
5 (t+T) 


Thetime 
frame, 
t + T, alloted 
to each column 
of the display 
is 
generally 
chosen 
to provide 
the maximum 
duty 
factor 
con- 


sistent 
with the minimum 
refresh 
rate necessary 
to achieve 
a 
flicker 
free display. 
For most 
strobed 
display 
systems, 
each 
column 
of the display 
should 
be refreshed 
(turned 
on) at a 
minimum 
rate of 100 times 
per second, 


With 
columns 
to be addressed, 
this refresh 
rate then 
gives a 
value 
for the time 
t + T of: 


1/15 x (100l) = 2 msec 


If the device 
is operated 
at 3,0 MHz clock 
rate maximum. 
it is 


possible 
to maintain 
t«T. 
For short 
display 
strings, 
the duty 


factor 
will 
then 
approach 
20%, 


For 
further 
applications 
information, 
refer 
to 
HP Applica- 
tion 
Note 
1016. 
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LEO 
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MATRI 


1'1101, 
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delay 
CLOCK 
Rt.""24KO 
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5 
5 
5 
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Figure 1. Switching 
Characteristics 
HDSP-2450/-2451/-2452 
(TA ~ -55°C to +85° C) 
5 
COLUMN 
DRIVE 
INPUTS 


Mechanical and 
Figure 5. Block Diagram 01 HDSP-2450/-2451/-2452 


Thermal Considerations 
provided 
in Figure 
6. Additional 
information 
on filtering 
and 
The 
HDSP-2450 
series 
displays 
are available 
in standard 
contrast 
enhancement 
can be found 
in HP Application 
Note 
ceramic 
dual-in-line 
packages. 
They 
are designed 
for plug- 
1015. 


ging 
into sockets 
or soldering 
into PC boards. 
The packages 
Post 
solder 
cleaning 
may 
be accomplished 
using 
water 
or 
may be horizontally 
or vertically 
stacked 
for character 
arrays 


of any desired 
size. HDSP-2450 
series 
displays 
utilize 
a high 
Freon/alcohol 
mixtures 
formulated 
for 
vapor 
cleaning 


output 
current 
IC to provide 
excellent 
readability 
in bright 
processing 
or Freon/alcohol 
mixtures 
formulated 
for 
room 


ambient 
lighting. 
Full 
power 
operation 
(Vee = 5.25V, 
VB = 
temperature 
cleaning. 
Freon/alcohol 
vaporcieaning 
process- 


2.4V, VeOl = 3.5V) 
with 
worst 
case thermal 
resistance 
from 
ing for 
up to 2 minutes 
in vapors 
at boiling 
is permissible. 


IC junction 
to ambient 
of 45°C/watVdevice 
is possible 
up to 
Suggested 
solvents 
include 
Freon 
TF, Freon 
TE, Genesolv 


ambient 
temperature 
of 60° C. For operation 
above 60° C, the 
DI-15, 
Genesolv 
DE-15, 
and water. 


maximum 
device 
dissipation 
should 
be derated 
linearly 
at 
Display 
Ambient 
Lighting 


22.2 
mW/oC 
(see 
Figure 
2). 
With 
an 
improved 
thermal 
Color 
Dim 
Moderate 
Bright 


design, 
operation 
at higher 
ambient 
temperatures 
without 
HDSP-2450 
Panelgraphic 
Polaroid 
HNCP37 


derating 
is possible. 
Std. Red 
Dark Red 63 
3M Light Control 
RUby Red 60 
Film 
Power 
derating 
for this family 
of displays 
can be achieved 
in 
Chequers 
Red 118 
Pane1graphic 
several 
ways. 
The power 
supply 
voltage 
can be lowered 
to a 
Plexiglass 
2423 
Gray 10 


minimum 
of 4.75V. 
Column 
Input 
Voltage, 
VeOl, 
can 
be 
HDSP-2451 
Panelgraphic 
Chequers 
Grey 
Polaroid 


decreased 
to the recommended 
minimum 
values 
of 2.4V for 
(Yellow) 
Yellow 
27 
105 
HNCP10 


the 
HDSP-2450 
and 
2.75V 
for the 
HDSP-2451/-2452. 
Also, 
Chequers 
Amber 


the 
average 
drive 
current 
can 
be decreased 
through 
pulse 
107 


width 
modulation 
of Va. 
HDSP-2452 
Panelgraphic 
The HDSP-2450 
series 
displays 
have glass windows. 
A front 
(HERI 
Ruby Red 60 


panel 
contrast 
enhancement 
filter 
is desirable 
in most actual 
Chequers 
Red 112 


display 
applications. 
Some 
suggested 
filter 
materials 
are 
Figure 
6. Contrast 
Enhancement 
Filters 
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Figure 2. Maximum 
Allowable 
Power 
Figure 3. Relative luminous 
Intensity 
Figure 4. Peak Column 
Current vs. 


Dissipation 
vs. Temperature 
vs. Temperature 
Column Voltage 
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II, Ilia, and IVa. The TXV program is an HP modification 
to 


the full conformance 
program and offers the 100%screening 
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HDSP-2451 
HDSP-2451TXV 
HDSP-2451TXVB 


HDSP-2452 
HDSP-2452TXV 
HDSP·2452TXVB 


Test Screen 
Method 


1. Precap Visual 


2. 
High Temperature Storage 
MIL-STD-750 
Method 1032 


3. Temperature Cycling 
MIL-STD-750 
Method 1051 


4. 
Constant Acceleration 
MIL-STD-750 
Method 2006 


5. 
Fine Leak 
MIL-STD-750 
Method 1071 


6. 
Gross Leak 
MIL-STD-750 
Method 1071 


7. 
Interim Electrical/Optical 
Testsi21 


Conditions 


HP Procedure 5956-7512-52. based on 
Mll-STD-883B 


TA= 125°C, Time = 24 hours 


MIL-STD-883 
Method 1015 


9. 
Final Electrical Testl2i 


10. Detta Determinations 


MIL-STD-883 
Method 2009 


Ice (at Va = 0.4V and 2.4V), leOl (at Va = 
0.4V and 2.4V) 


hH (Ve. Clock and Data In), hl (Ve, Clock 
and Data In). IOH.IOl, Visual Function 
and Iv Peak. VIHand Vll inputs are 
guaranteed by the electronic shift 
register test. TA = 25°C 


Condition 
Bat Vee = Va = 5.25V. VeOl = 


3.5V, TA = +85°C, 


LEO ON-Time Duty Factor = 5%, 35 dots 
On; t = 168 hours 


Same as Step 7 


Alec = ±6 mA, AhH (clock) = ±8 Io'A, 
.lIIH (Data In) = ±5 p.A 


.lIOH = ±50 Io'A,and illv = -20%, 
TA = 25°C 


Noles: 
1. MIL-STD-883 Test Method Applies 
2. Limits and conditions 
are per the electrical optical characteristics. The 10Hand IOLtests are the inverse of VOHand VOL specified in the 
electrical characteristics. 


• 


' 
- - 


Subgroup/Test 
Parameters 
LTPD 


SUbgroup 1 
DC Electrical Tests at 25° Cll. 
Ice 
at Va = O.4V and 2.4V" leol 
5 


(at Va = 0.4V and 2.4V 


hH (Va, Clock and Data In). hL (Va, Clock and Data 
Inl,lOH, IOLVisual Function and Iv peak. VIH and Vil 
inputs are guaranteed by the electronic shift 
register test. 


Subgroup 2 
DC Electrical Tests at High 
Same as SUbgroup 1, except delete Iv and visual 
7 
Temperaturel! 
' 
function, TA=+85°C 


Subgroup 3 
DC Electrical Tests at low 
Same as Subgroup 1, except delete Iv and visual 
7 
Temperature!!1 
function, TA = -55°C 


Subgroup 4, 5, and 6 not tested 


Subgroup 7 
Optical and Functional Tests at 25°C 
Satisfied by Subgroup 1 
5 


SUbgroup 8 
External Visual 
7 


MIL·STD·750 


I Sample Size 
SubgrouplTest 
Method 
Conditions 


SUbgroup 1 
Resistance to Solvents 
1022 
4 Devices! 
o Failures 


Internal Visual 
and MechanicallSI 
2014 
1 Device/ 
o Failures 


SUbgroup 211,2) 
Solderability 
2026 
TA = 260°C for 5 seconds 
lTPD 
= 15 


Subgroup 3 
Thermal Shock ITemp. Cyclet 
1051 
Condition 8, 10 cycles. 15 min. dwell 
lTPD = 15 
Moisture Resistance 
1021 
Fine Leak 
1071 
Condition 
H 
Gross Leak 
1071 
Condition 
C 


Electrical/Optical 
Endpoints 4 
- 
Ice {at Va - O.4V and 2.4V I, 
leOl (at Va = O.4V and 2.4V" 
hH Va, Clock and Data In), III Va, 
Clock and Data In , IOH,IOl Visual 
Function and Iv peak, VIH and Vil 
inputs are guaranteed by the electronic 
shift register test. TA = 25°C 


Subgroup 4 
Operating life Test 1340 hrs.' 
1027 
TA = +85°C at Vec = Va = 5,25V, 
LTPD= 
10 
VeOl = 3.5V. LED ON-Time Duty Fac- 
tor = 5%. 35 Dots On 
Electrical/Optical 
Endpoints 4 
- 
Same as Subgroup 3 


SUbgroup 5 
Non-operating 
(Storage 
Life 
1032 
TA=+125°C 
LTPD = 10 
Test '340 hrs.· 
Electrical/Optical 
Endpoints.4· 
- 
Same as Subgroup 3 


Notes: 
1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 


2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads required. 
3. 
MIL-STD-BB3 test methods apply. 


4. 
Limits and conditions 
are per the electrical/optical 
characteristics. 
The IOHand lOL tests are the inverse of VOHand VOL specified in the electrical characteristics. 


MIl.·STD·750 
Subgroup/Test 
Method 
Conditions 
Sample Size 


Subgroup 1 
Physical Dimensions 
2066 
2 Devicesl 
o Failures 


Subgroup 2(2.7) 


Lead Integrity 
2004 
Condition 
B2 
LTPD."'1~ 


Fine Leak 
1071 
CondillonH 


Gross Leak 
1071 
Condition 
C 


Subgroup 3 
Shock 
2016 
1500G. Time '" O.~ms. ~ blows in 
LiPD=1~ 
each orientation 
X" V!. Vz 


Vibration, Variable Frequency 
2056 


Constant Acceleration 
2006 
10,OOOGat V, orientation 


External Visual!41 
10100r 1011 
Electrical/Optical 
Endpointsl51 
- 
lcciat 
Va '" OAV and 2AVj 


lco~(at 
Va = 0.4V and 2AVt 


ltH(Va, Clock and Data Int 
lt~ (Va. Clock and Data In! 
IOH,lo~, Visual Function and Iv peak. 
VIH and VtL inputs are guaranteed by 
the electronic shift register 
test. TA"'25°C. 
Subgroup 4[1,3) 
Salt Atmosphere 
1041 
LTPD=15 
External Visual!41 
1010 or 1011 


Subgroup 5 
Bond Strengthl51 
2037 
Condition 
A 
LTPD =20 


(C=O\ 


Subgroup 6 
Operating Life Testl5t 
1026 
TA'" +85°C at Vcc '" Va '" 5.25V, 
VeOl = 3.5V, 35 Dots On 
11.=10 


Electrical/Optical 
Endpointsl51 
- 
Same as Subgroup 3 


Notes: 
1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 


required. 


3. Solderability samples shall not be used. 
4. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011 
5. 
Displays may be selected prior to seal. 


6. 
If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 
7. MIL-STD-883 test method applies. 
8. 
Limits and conditions are per the electrical/optical 
characteristics. The IOHand IOLtests are the inverse of VOHand VOLspecified in the 
electrical characteristics. 
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• 5 x 7 LED MATRIX CHARACTER 
• LARGE 6.9 mm (.27 INCH) CHARACTER HEIGHT 
• EXTREMELY WIDE TEMP. RANGE 
• COMPACT 15.2 mm (.600 INCH) 
GLASS/CERAMIC 
DIP 
• WIDE VIEWING ANGLE 
• RUGGED, SHOCK RESISTANT 


Description 


The Hewlett-Packard 
5082-7100 Series is an X-V addressable, 5 x 7 LED Matrix capable of displaying the 


full alphanumeric 
character set. This alphanumeric 
indicator 
series is available in 3,4, or 5 character end- 


stackable clusters. 
The clusters permit compact presentation of information, 
easeof character alignment, 


minimum 
number of interconnections, 
and compatibility 
with multiplexing 
driving schemes. 


Alphanumeric 
applications 
include computer 
terminals, 
calculators, 
military 
equipment 
and space flight 


readouts. 


The 5082·7100 
is a three character cluster. 


The 5082·7101 
is a four character cluster. 


The 5082·7102 
is a five character cluster. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Peak Forward 
Current 
Per LED 
IpEAK 
100 
mA 


(Duration 
< 1ms) 


Average Current 
Per LED 
IAVG 
10 
mA 


Power Dissipation 
Per 
Po 
700 
mW 


Character 
(All diodes lit) [1] 


Operating 
Temperature, 
Case 
Tc 
-55 
95 
°c 


Storage Temperature 
T5 
-55 
100 
°c 


Reverse Voltage 
Per LED 
VR 
4 
V 


Electrical/Optical 
Characteristics at TC=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 


Peak Luminous 
Intensity 
Per LED 
Iv (PEAK) 
1.0 
2.2 
mcd 
(Character 
Average) 
@ Pulse 
Current 
of 100mA/LED 


Reverse Current 
Per LED @ VR = 4V 


' 
R 
10 
J.I.A 


Peak Forward 
Voltage 
@ Pulse 
VF 
1.7 
2.0 
V 
Current 
of 50mNLED 


Peak Wavelength 
ApEAK 
655 
nm 


Spectral 
Line Halfwidth 
t:.A1/2 
30 
nm 


Rise and Fall Times [1) 
tr• tf 
10 
ns 


Note 1. Time for a 10%·90% 
change of light intensity 
for step change in current. 
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Figure 1. 
Forward 
Current· Voltage Characteristic. 
Figure 2. 
Relative 
Luminous 
Intensity 
vs. Case 
Temperature 
at Fixed Current 
Level. 
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Figure 3. 
Typical Time Average Luminous 
Figure 4. 
Typical 
Relative 
Luminous 
Efficiency 
vs. 
Intensity 
per LED vs. Average 
Peak Current 
per LED. 
Current 
per LED. 
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1. Dimensions are in m-illime1resand (inches). 
2. Unleu otherwise specified. the tolerance on all dimensions is.to.38mm 
(!",015 
in,). 
3. Char8(:ter Stze 6.9 x4.9mm 
(.27 x 
19 10,). 
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Schematic 
Wiring Diagram 
G 
f--CHARACTER 
l ....••.f.-CHARACTER 
2 ..••.f.-CHARACTER 
3+CHARACTER 
4 ..••.!-CHARACTER 
5-1 
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5c 
5a 
Anode 0 
4e 
4c 
N/C 
AnodeC 


I EodeB 


2c 
2a 
Anode A 
1d 
1b 
1. 


Operating Considerations 


ELECTRICAL 
The 5 x 7 matrix 
of 
LED's, 
which 
make up each character, are X-V addressable. 
This allows for a 
simple addressing, decoding 
and driving 
scheme between the display 
module 
and customer furnished 
logic. 


There are three main advantages to the use of this type of X-V addressable array: 
1. It is an elementary 
addressing scheme and provides the least number of interconnection 
pins for the 


number of diodes addressed. 
Thus, it offers maximum 
flexibility 
toward integrating the display into 
particular applications. 
2. This method of addressing offers the advantage of sharing the Read-Only-Memory 
character generator 
among several display 
elements. 
One character generating ROM can be shared over 25 or more 5 x 7 


dot matrix characters with substantial cost savings. 
3. In many casesequipments will already have a portion 
of the required decoder/driver 
(timing and clock 


circuitry 
plus buffer storage) logic circuitry 
available for the display. 


To form 
alphanumeric 
characters a method 
called "scanning" 
or "strobing" 
is used. 
Information 
is 


addressed to the display by selecting one row of diodes at a time, energizing the appropriate 
diodes in 
that 
row and then proceeding to the next row. 
After 
all rows have been excited one at a time, the 
process is repeated. 
By scanning through 
all rows at least 100 times a second, a flicker 
free character 


can be produced. 
When information 
moves sequentially from row to row of the display (top to bottom) 


this is row scanning, as illustrated 
in Figure 5. 
Information 
can also be moved from column to column 


(left to right across the display) 
in a column 
scanning mode. 
For most applications 
(5 or more charac- 


ters to share the same ROM) it is more economical to use row scanning. 
A much more detailed description 
of general scanning techniques along with specific circuit 
recommen- 


dations is contained in HP Application 
Note 931. 


MECHANICAL/THERMAL 
MOUNTING 
The solid state display typically 
operates with 
200 mW power dissipation per character. 
However, if the 


operating conditions 
are such that the power dissipation exceeds the derated maximum allowable value, 


the device should be heat sunk. The usual mounting technique combines mechanical support and thermal 
heat sinking 
in a common 
structure. 
A metal strap or bar can be mounted 
behind the display using 


silicone grease to insure good thermal 
control. 
A well-designed heat sink can limit the case temperature 


to within 
1Q°C of ambient. 
• 


• 


- - 


.". DiSPLAY 
I 
_~II 


• 
ALPHANUMERIC 
Displays 
64 Character 
ASCII 
Set and 
Special 
Characters 


• 
16 SEGMENT 
FONT 
PLUS 
CENTERED 
D.P. 
AND 
COLON 


• 
APPLICATION 
FLEXIBILITY 
WITH 
PACKAGE 
DESIGN 
4 and 8 Character 
Dual-In-Line 
Packages 
End Stackable-On 
Both Ends for 8 Character 
and 
On One End for 4 Character 
Sturdy 
Gold-Plated 
Leads on 2.54mm 
(0.100") 
Centers 
Environmentally 
Rugged 
Package 
Common 
Cathode 
Configuration 


• 
LOW 
POWER 
As Low as 1.0-1.5mA 
Average 
Per Segment 
Depending 
on Peak 
Current 
Levels 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Continuous 
Segment 
Font 
High 
On/Off 
Contrast 
6.35mm 
(0.250") 
Character 
Spacing 
Excellent 
Character 
Alignment 


Excellent 
Readability 
at 2 Metres 


• 
SECONDARY 
BARREL 
MAGNIFIER 
AVAILABLE 
Increases 
Character 
Height to 4.45 mm (0.175") 


• 
SUPPORT 
ELECTRONICS 
Can Be Driven 
With ROM 
Decoders 
and Drivers 
Easy Interfacing 
With 
Microprocessors 
and 
LSI Circuitry 


• 
CATEGORIZED 
FOR 
LUMINOUS 
INTENSITY 
Assures 
Uniformity 
of Light Output 
From Unit 
to Unit Within 
a Single 
Category 


The HDSP-6504 and HDSP-6508 are 3.81mm (0.150") 
sixteen 
segment 
GaAsP red 
alphanumeric 
displays 
mounted in 4 character and 8 character dual-in-line 
package configurations 
that permit mounting 
on PC 
boards or in standard IC sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which 
increases 
both 
character 
size and 
luminous 
intensity, 
thereby 
making 
low 
power 
consumption 
possible. The rugged package construction, enhanced by 
the 
back fill 
design, 
offers 
extended environmental 
capabilities compared to the standard PCboard/lens type 
of display package. Its temperature cycling capability is 
the 
result of the air gap which exists between the 
semiconductor chip/wire bond assembly and the lens. In 
addition to the sixteen segments, a centered D.P. and 
colon are included. Character spacing yields 4 characters 
per inch. 


These alphanumeric displays are attractive for applica- 
tions 
such 
as computer 
peripherals 
and terminals, 


computer 
base emergency 
mobile 
units, 
automotive 
instrument panels, desk top calculators, in-plant control 
equipment, hand-held instruments and other products 
requiring 
low power, display compactness and alpha- 
numeric display capability. 


Device Selection Guide 


Characters 
Configuration 
Part No. 
Per 
HDSP- 
Display 
Device 
Package 


4 
I '~IZII/51Z11~IZII ~IZII 
(Figure 
6) 
6504 
0~1 I~' 
~I~I ICl~ 


8 
I/~IZII I~rZIIISIZIIISlZt I I~IZII/51ZIII~IZII'~IZII 
(Figure 
7) 
6508 
I~I 
I~I~ I~U ~eJ ~I~I 0~1 0~1 ICl~ 


Absolute Maximum 
Ratings 


Symbol 
Parameter 
Min. 
Max. 
Units 


IPEAK 
Peak Forward 
Current 
Per Segment 
or DP (Duration 
$ 312/ls) 
200 
mA 


IAVG 
Average 
Current 
Per Segment 
or 
DP[1] 
7 
mA 


Po 
Average 
Power 
Dissipation 
Per 
Characterl1.2] 
138 
mW 


TA 
Operating 
Temperature. 
Ambient 
-40 
85 
°C 


Ts 
Storage 
Temperature 
-40 
100 
°C 


VR 
Reverse 
Voltage 
5 
V 


Solder 
Temperature 
at 1.59mm 
(1/16 
inch) 
below 
seating 
plane. 
t::;; 3 Seconds 
260 
°C 


NOTES: 
1. Maximum allowed drive conditions 
for strobed operation are derived from Figures 1 and 2. See electrical section of operational 
considerations. 
2. Derate linearly above TA = 50°C at 2.17mW/oC. 
PD Max. ITA = 85°Cl = 62mW. 


Electrical/Optical 
Characteristics at TA=25°C 


Symbol 
Parameter 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Iv 
luminous 
Intensity. 
Time 
IPEAK =30mA 
Average. 
Character 
Total 
with 
1/16 
Duty 
Factor 
16 Segments 
Illuminated 
[3.4J 
0.40 
1.65 
mcd 


VF 
Forward 
Voltage 
Per 
IF = 30mA 
segment 
or DP 
(One Segment 
On) 
1.6 
1.9 
V 


APEAK 
Peak Wavelength 
655 
nm 


Ad 
Dominant 
Wavelength 
[5] 
640 
nm 


IR 
Reverse 
Current 
Per 
Segment 
or DP 
VR = 5V 
10 
p.A 


AVF/AoC 
Temperature 
Coefficient 
of 
Forward 
Voltage 
-2 
mV/oC 


R8J-P1N 
Thermal 
Resistance 
lED 
Junction-to-Pin 
232 
°C/WI 
Seg 


NOTES: 
3. The luminous 
intensity 
ratio between segments within 
a digit is designed so that each segment will have the same luminous 
sterance. Thus each segment wili appear with equai brightness to the eye. 


4. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower peak 


currents may cause intensity 
mismatch within the display. Operation at peak currents 
less than 7 mA will cause objectionable 
display segment matching. 


5. The dominant wavelength, Ad. is derived from the C.I.E. chromaticity 
diagram and represents that single wavelength which defines 
the color of the device, standard red. 
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Figure 1. Maximum 
Allowed 
Peak Current 
V5. Pulse Duration. 
Derate 
derived 
Figure 2. 
Temperature 
Derating 
Factor 


operating 
conditions above TA = 50° C using Figure 2. 
For Peak Current 
per Segment 
YS. 
Ambient 
Temperature. 
T JMAX 
= 110 
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Figure 3. Reiativ8 Luminous Efficiency 
Figure 4. Peak Forward Segment 


(Luminous 
Intensity 
Per Unit Current) 
Current 
V5. Peak Forward Voltage. 


V5. Peak Segment 
Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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Figure 5. 
Typical 
64 Character 
ASCII 
Set. 
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Additional 
Character 
Font 


II 


I~~I 
TVP. --I I- 


r 


S 


O 


. 


67 


~ 


11.995) 
MAX. 


(~'~l 
TYP. 


26 
14 
• 


NOTES: 
1, ALL 
DIMENSIONS 
IN MILLIMETRES 
AND 
(lNCHESl. 


2. ALL 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 
3. PIN 1 IDENTIFIED 
BY INK 
DOT 
ADJACENT 
TO LEAD. 


Magnified Character 
Font Description 


DEVICES 
HDSP-6504 
HDSP-6508 


Function 
Pin 
No. 
HDSP-6504 
HDSP-6508 


1 
Anode 
Segment 
gl 
Anode 
Segment gl 
2 
Anode 
Segment 
DP 
Anode 
Segment 
DP 
3 
Cathode 
Digit 1 
Cathode 
Digit 1 
4 
Anode 
Segment 
d2 
Anode 
Segment d2 
5 
Anode 
Segment 
I 
Anode 
Segment 
I 
6 
Cathode 
Digit 3 
Cathode 
Digit 3 
7 
Anode 
Segment e 
Anode 
Segment e 
8 
Anode 
Segment m 
Anode 
Segment 
m 
9 
Anode 
Segment 
k 
Anode 
Segment k 
10 
Cathode 
Digit 4 
Cathode 
Digit 4 
11 
Anode 
Segment 
dl 
Anode 
Segment 
dl 


12 
Anode 
Segmentj 
Cathode 
Digit 6 
13 
Anode 
Segment 
Co 
Cathode 
Digit 8 
14 
Anode 
Segment g2 
Cathode 
Digit 7 
15 
Anode 
Segment 
a2 
Cathode 
Digit 5 
16 
Anode 
Segment 
i 
Anode 
Segmentj 
17 
Cathode 
Digit 2 
Anode 
Segment Co 
18 
Anode 
Segment 
b 
Anode 
Segment g2 
19 
Anode 
Segment al 
Anode 
Segment 
a2 
20 
Anode 
Segment c 
Anode 
Segment i 


21 
Anode 
Segment 
h 
Cathode 
Digit 2 
22 
Anode 
Segment 
f 
Anode 
Segment 
b 
23 
Anode 
Segment al 
24 
Anode 
Segment c 
25 
Anode 
Segment 
h 
26 
Anode 
Segment 
f 


16segment GaAsP LED chips with centered decimal point 
and colon. Like segments of each digit are electrically 
interconnected to form an 18 by N array, where N is the 
quantity of characters in the display. In the driving scheme 
the decimal 
point 
or colon 
is treated as a separate 


character with its own time frame. A detailed discussion of 
character font capabilities, 
ASCII code to 18 segment 
decoding 
and display 
drive 
techniques 
appears 
in 
Application Note 1003. 


These displays are designed specifically for strobed (multi- 
plexed) operation. Under normal operating situations the 
maximum number of illuminated 
segments needed to 
represent a given characcter is 10. Therefore, except 
where noted, the information presented in this data sheet 
is for 
a maximum 
of 10 segments 
illuminated 
per 
character" 


The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
VF values for the purpose of driver circuit design may be 
calculated using the following VF model: 


VF = 1.85V + IpEAK(1.8!1l 
For: 30mA $ IPEAK$ 200mA 
VF = 1.58V + IPEAK(10.7!1l 
For: 10mA $ IpEAK$ 30mA 


OPTICAL AND CONTRAST 
ENHANCEMENT 


Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens, producing a 
magnified character height of 3.810mm <.150inchl. The 
aspheric lens provides wide included viewing angles of 
typically 
75 degrees horizontal and 75 degrees vertical 


with low off axis distortion. These two features, coupled 


'More than 10 segments may be illuminated in a given character, 
provided 
the maximum 
allowed 
character 
power dissipation, 


temperature derated, is not exceeded. 


••.",~., 
U I'C vel y lllyll 
~~yllt~"l 
lurnlnous slerance, provide to 


the user a display with excellent 
readability 
in bright 
ambient 
light for viewing distances in the range of 2 
metres. Effective contrast enhancement can be obtained 
by employing any of the following optical filter products: 
Panelgraphic: Ruby Red 60, Dark Red 63 or Purple 90; 
SGL Homalite: 
H100-1605 Red or H100-1804 Purple, 


Plexiglas 2423. For very bright ambients, such as indirect 
sunlight, the 3M Light Control Film is recommended: Red 
655, Violet, Purple or Neutral Density. 


For those applications requiring only 4 or 8 characters, a 
secondary barrel magnifier, HP part number HDSP-6505 
(four character) 
and -6509 (eight character), 
may be 
inserted into support grooves on the primary magnifier. 
This secondary magnifier increases the character height 
to 4.45mm <.175inch) without loss of horizontal viewing 
angle (see belowl. 


These devices are constructed by LED die attaching and 
wire bonding to a high temperature PC board substrate. A 
precision molded plastic lens is attached to the PC board 
and the resulting assembly is backfilled with a sealing 
epoxy to form an environmentally sealed unit. 


The four character and eight character devices can be end 
stacked to form a character string which is a mUltiple of a 
basic four character grouping. As an example, one -6504 
and two -6508 devices will form a 20 character string. 
These devices may be soldered onto a printed circuit 
board or inserted into 24 and 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 


Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. For more 
information, consult the local HP Sales Office or Hewlett- 
Package Components, Palo Alto, California. 


OPTIONAL 
4 DIGIT 
MAGNIFIER 
HDSi'-6505 


OPTIONAL 
8 DIGIT 
MAGNIFIER 
HDSP-6509 


[ 


31.88 
MAX.] 
,,,., 
C 


53.67MAX.::J 
12.1131 


fX¥#fSiiJ 


NOTES, 


1. ALL 
DIMENSIONS 
IN 


MILLIMETRES 
AND 
fiNCHES). 


2. THIS 
SECONDARY 
MAGNIFIER 
INCREASES 
THE 
CHARACTER 
HEIGHT 
TO 4.45mm 
(.175 
in.) 


I· 
- - 


Flin- HEWLETT 
~~ 
PACKARD 


• 
ALPHANUMERIC 
Displays 
64 Character 
ASCII 
Set and 
Special 
Characters 


• 
16 SEGMENT 
FONT 
PLUS CENTERED 
D.P. 


AND 
COLON 


• 
APPLICATION 
FLEXIBILITY 
WITH 
PACKAGE 
DESIGN 


8 Character 
Dual-In-Line 
Package 
End Stackable 
Sturdy 
Leads on 2.54mm 
(O.100") 
Centers 
Common 
Cathode 
Configuration 


• 
LOW 
POWER 
As Low as 1.0-1.5mA 
Average 
Per Segment 
Depending 
on Peak 
Current 
Levels 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Continuous 
Segment 
Font 
High 
On/Off 
Contrast 
5.08mm 
(O.200") 
Character 
Spacing 
Excellent 
Character 
Alignment 
Excellent 
Readability 
at 1.5 Metres 


• 
SUPPORT 
ELECTRONICS 
Can 
Be Driven 
With 
ROM 
Decoders 
and Drivers 
Easy Interfacing 
With 
Microprocessors 
and 
LSI Circuitry 


• 
CATEGORIZED 
FOR 
LUMINOUS 
INTENSITY 
Assures 
Uniformity 
of Light 
Output 
From 
Unit 
to Unit Within 
a Single 
Category 


16 SEGMENT 
SOLID STATE 
ALPHANUMERIC 
DISPLAY 


The 
HDSP-6300 is 
a 
sixteen 
segment 
GaAsP red 


alphanumeric display mounted in an 8 character dual-in- 
line package configuration that permits mounting on PC 
boards or in standard IC sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which 
increases 
both 
character 
size and 
luminous 


intensity, 
thereby 
making 
low 
power 
consumption 


possible. The sixteen elements consist of sixteen seg- 
ments for 
alphanumeric and 
special characters plus 


centered 
decimal 
point 
and colon 
for 
good 
visual 


aesthetics. Character spacing yields 5 characters per 
inch. 


These alphanumeric displays are attractive for applica- 
tions such as computer peripherals and mobile terminals, 
desk top calculators, in-plant control equipment, hand- 
held instruments and other products requiring low power, 
display compactness and alphanumeric display capa- 
bility. 


Symbol 
Parameter 
Min. 
Max. 
Units 


IPEAK 
Peak Forward 
Current 
Per Segment 
or DP (Duration 
$ 417ps, 
150 
mA 


IAVG 
Average Current 
Per Segment 
or 
DP(1) 
6.25 
mA 


Po 
Average 
Power Dissipation 
Per 
CharacterP.2j 
133 
mW 


TA 
Operating 
Temperature, 
Ambient 
-40 
85 
·C 


Ts 
Storage Temperature 
-40 
100 
·C 


VR 
Reverse Voltage 
5 
V 


Solder Temperature 
at 1.59mm 
(1/16 inch) below seating 
plane, 
t $ 5 Seconds 
260 
·C 


NOTES: 
1. Maximum allowed drive conditions 
for strobed operation are derived from Figures 1 and 2. See electrical section of operational 


considerations. 


2. Derate linearly above TA = 50'C at 2.47 mW/'C. 
Po Max. (TA = 85'C) 
= 47 mW. 
Electrical/Optical 
Characteristics 
at TA=25°C 


Symbol 
Parameter 
Test Condillon 
Min. 
Typ. 
Max. 
Units 


Iv 
Luminous 
Intensity, 
Time 
IpEAK= 24m A 
Average, Character 
Total with 
1/16 Duty Factor 
16 Segments 
Illuminated 
(3,4j 
400 
1200 
pcd 


VF 
Forward 
Voltage 
Per 
IF = 24mA 
Segment 
or DP 
(One Segment 
On) 
1.6 
1.9 
V 


,,"PEAK 
Peak Wavelength 
655 
nm 


Ad 
Dominant 
Wavelength 
[5] 
640 
nm 


fR 
Reverse Current 
Per 
Segment 
or DP 
VR '= 5V 
10 
pA 


ROJ-PIN 
Thermal 
Resistance 
LED 
250 
·C/W/ 
Junction-to-Pin 
per Character 
Char 


NOTES: 
3. The luminous 
intensity 
ratio between segments within a digit is designed so that each segment will have the same luminous 


sterance. Thus each segment will appear with equal brightness to the eye. 


4. Each character of the display is matched for luminous intensity at the test conditions shown. Operation of the display at lower peak 


currents may cause intensity 
mismatch within the display. Operation at peak currents less than 7 mA will cause objectionable 
display segment matching. 


5. The dominant wavelength, Ad, is derived from the C.I.E. chromaticity 
diagram and represents that single wavelength which defines 
the color of the device, standard red. 
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Figure 1. 
Maximum 
Allowed 
Peak Current 
V5. Pulse Duration. 
Derate 
derived 


operating 
conditions 
above TA = 50°C 
using Figure 2. 


Figure 2. 
Temperature 
Derating 
Factor 


For Peak Current 
per Segment 
Y5. 
Ambient Temperature. 
TJMAX = 110'C 
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Figure 3. 
Relative Luminous 
Efficiency 
(Luminous 
Intensity 
Per Unit Currentl 


YS. Peak 
Segment 
Current. 
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Figure 4. Peak Forward 
Segment 
Current 
vs. Peak Forward 
Voltage. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005. 
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NOTES 
1. All 
DIMENSIONS IN MllUMETRES 
AND UNC'iES). 
2. AlllJNTOlERANCED 
DIMENSIONS ARE FOR REFER"NCE 
ONLY 
3. PIN 1 IDENTIFIED BY DOT ADJACENT TO LEAD. 


Magnified Character 
Font Description 


Operational Considerations 


ELECTRICAL 


The HDSP-6300 device utilizes large monolithic 16 seg- 
ment plus centered decimal point and colon GaAsP LED 
chips. Like segments of each digit are electrically inter- 
connected to form an 18 by N array, where N is the 
quantity of characters in the display. In the driving scheme 
the decimal point or colon is treated as a separate charac- 
ter with its own time frame. A detailed discussion of 
character font capabilities, ASCII code to 18 segment 
decoding and display drive techniques appears in Applica- 
tion Note 1003. 


This display is designed specifically for strobed (multi- 
plexed) operation. Under normal operating situations the 
maximum number of illuminated 
segments needed to 


represent a given character is 10. Therefore, except where 
noted, the information presented in this data sheet is for a 
maximum of 10 segments illuminated per character: 


Pin 
No. 
Function 


1 
Anode 
Segment K 
2 
Anode 
Segment 01 


3 
Anode 
Segment C 
4 
Cathode 
Digit 1 
5 
Cathode 
Digit 2 
6 
Cathode 
Digit 3 
7 
Cathode 
Digit 4 
8 
Anode 
Segment L 
9 
Anode 
Segment G2 
10 
Anode 
Segment E 
11 
Anode 
Segment M 
12 
Anode 
Segment 02 
13 
Anode 
Segment DP 
14 
Anode 
Segment A2 
15 
Anode 
Segment I 
16 
Anode 
Segment J 
17 
Cathode 
Digit 6 
16 
Cathode 
Digit 7 
19 
Cathode 
Digit 6 
20 
Cathode 
Digit 5 
21 
Anode 
Segment Co 
22 
Anode 
Segment G, 


23 
Anode 
Segment B 
24 
Anode 
Segment F 
25 
Anode 
Segment H 
26 
Anode 
Segment A1 


The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
VF values for the purpose of driver circuit design may be 
calculated using the following 
VF model: 


VF = 1.85V + IPEAK(1.8111 
For 30mA ~ IpEAK~ 150mA 
VF = 1.58V + IpEAK110.7111 
For 10mA ~ IpEAK~ 30mA 


"More than 10segments may be illuminated in a given character, 
provided the maximum allowed character 
power dissipation, 


temperature derated, is not exceeded. 


• 


" 
- - 


OPTICAL 
AND CONTRAST 
ENHANCEMENT 


Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens producing a 
magnified character height of 3.56mm (0.140 inch). The 
aspheric lens provides wide included viewing angles of 60 
degrees horizontal and 55 degrees vertical with low off 
axis distortion. These two features, coupled with the very 
high segment luminous sterance, provide to the user a 
display with excellent readability in bright ambient light 
for viewing distances in the range of 1.5 metres. Effective 
contrast enhancement can be obtained by employing an 
optical filter product such as Panelgraphic Ruby Red 60, 
Dark Red 63or Purple 90; SGL Homalite H100-1605 Red or 
H100-1804 Purple; or Plexiglas 2423. For very bright 
ambients, such as indirect sunlight, the 3M Red 655 or 
Neutral Density Light Control Film is recommended. 


This device is constructed by LED die attaching and wire 
bonding to a high temperature 
PC board substrate. A 


precision molded plastic lens is attached to the PC board. 


The HDSP-6300 can be end stacked to form a character 
string 
which 
is a multiple 
of a basic eight character 


grouping. These devices may be soldered onto a printed 
circuit board or inserted into 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 


Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. It is recom- 
mended that a non-activated rosin core wire solder or a low 
temperature deactivating flux and solid wire solder be used 
in soldering operations. For more information, consult the 
local HPSalesOffice or Hewlett-Packard Components, Palo 
Alto, California. 


Flin- HEWLETT 
~~ 
PACKARD 
5 X 7 DOT MATRIX 
ALPHANUMERIC 
DISPLAY SYSTEM 


HDSP-2416 
HDSP-2424 
HDSP- 2432 
HDSP-2440 
HDSP-2470 
HDSP-2471 
HDSP-2472 


• 
COMPLETE 
ALPHANUMERIC 
DISPLAY 
SYSTEM 
UTILIZING 
THE HDSP-2000 
DISPLAY 


• 
CHOICE 
OF 64, 128, OR USER DEFINED 
ASCII 
CHARACTER 
SET 


• 
CHOICE 
OF 16, 24, 32, or 40 ELEMENT 
DISPLAY 
PANEL 


• 
MULTIPLE 
DATA 
ENTRY 
FORMATS 
- 
Left, Right, RAM, or Block Entry 


• 
EDITING 
FEATURES 
THAT INCLUDE 
CURSOR, 
BACKSPACE, 
FORWARDSPACE, 
INSERT, 
DELETE, 
AND 
CLEAR 


• 
DATA 
OUTPUT 
CAPABILITY 


• 
SINGLE 
5.0 VOLT 
POWER 
SUPPLY 


• 
TTL COMPATIBLE 


• 
EASILY 
INTERFACED 
TO A KEYBOARD 
OR 
A MICROPROCESSOR 


The HDSP-24XX series of alphanumeric display systems 
provides the user with a completely supported 5 x 7 dot 
matrix 
display 
panel. These products 
free the user's 
system 
from 
display 
maintenance 
and 
minimize 
the 


interaction normally required for alphanumeric displays. 
Each alphanumeric 
display system is composed of two 
component parts: 


1. An alphanumeric display controller which consists of a 
preprogrammed microprocessor plus associated logic, 
which 
provides decode, memory, and drive signals 
necessary to properly interface a user's system to an 
HDSP-2000 display. In addition to these basic display 
support operations, the controller accepts data in any 
of four data entry formats and incorporates 
several 
powerful editing routines. 


2. A display panel which consists of HDSP-2000 displays 
matched for luminous intensity and mounted on a P.C. 
board designed to have low thermal resistance. 


These alphanumeric 
display systems are attractive for 
applications 
such as data entry terminals, 
instrumen- 
tation, electronic typewriters, and other products which 
require an easy to use 5 x 7 dot matrix alphanumeric 
display system. 


Display Boards 


HDSP-2416 
Single-line 16 character display 
panel 
utilizing the HDSP-2000 display 


HDSP-2424 
Single-line 24 
character 
display 
panel 
utilizing the HDSP-2000 display 


HDSP-2432 
Single-line 32 
character 
display 
panel 
utilizing the HDSP-2000 display 


HDSP-2440 
Single-line 40 
character 
display 
panel 
utilizing the HDSP-2000 display 


Controller Boards 


HDSP-2470 
HDSP-2000 displayinterfaceincorporating 
a 64 character ASCII decoder 


HDSP-2471 
HDSP-2000 display interfaceincorporating 
a 128 character ASCII decoder 


HDSP-2472 
HDSP-2000 display 
interface 
without 
ASCII decoder. Instead, a 24 pin socket 
is provided to accept a custom 128 char- 
acter set from a user programmed 1K x 8 
PROM. 


When ordering, specify one each of the Controller 
Board and the 
Display Board for each complete system. 


I· 
- - 


Vcc 
-0.5V to 6.0V 


Operating 
Temperature 
Hange, 


Ambient 
(TA) 
O°C to 70°C 


Storage Temperature 
Range (Ts) 
-55°C to 100°C 


Voltage Applied 
to any Input or Output 
.. -0.5V to 6.0V 


ISOURCEContinuous 
for any Column 
Driver 
5.0 Amps (60 sec. max. duration) 


Parameter 
Symbol 
Min. 
Max. 
Units 


Supply Vollage 
Vcc 
4.75 
5.25 
V 


IOL 
0.4 
mA 
Data Out 
IOH 
-20 
/lA 


Ready, Data Valid. 
IOL 
1.6 
mA 
Column On, Display 
IOH 
-40 
/lA 
Data 


IOL 
10.0 
mA 
Clock 
IOH 
-1.0 
mA 


Columnl-5 
ISOURCE 
-5.0 
A 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Current111 
Icc 
400 
mA 
Vcc - 5.25V Column 
On and All 


u 
Outputs 
Open 


Input Threshold High (except Reset) 
VIH 
2.0 
V 
Vcc = 5.0V + .25V 


Input Threshold High - 
Reset[21 
VIH 
3.0 
V 
Vcc = 5.0V :t .25V 


Input Threshold Low - 
All Inputs 
VIL 
0.8 
V 
Vcc = 5.0V ± .25V 


VOHData 
2.4 
V 
IOH= -20/lA 
Vcc = 4.75V 
Data Out Voltage 


VOLData 
0.5 
V 
IOL = O.4mA 
Vcc = 4.75V 


VOHClk 
2.4 
V 
IOH= -1000J,£A 
Vcc = 4.75V 
Clock Output Voltage 


VOLClk 
0.5 
V 
IOL = 10.0mA 
Vcc = 4.75V 


Ready. Display 
Data, Data Valid. 
VOH 
2.4 
V 
IOH = -40J,£A 
Vcc = 4.75V 


Column 
on Output 
Voltage 
VOL 
0.5 
V 
IOL = 1.6mA 
Vcc = 4.75V 


Input Current,l31 All Inputs Except 
liH 
-0.3 
mA 
VIH = 2.4V 
Vcc = 5.25V 


Reset. Chip Select, 07 
IlL 
-0.6 
mA 
VIL = 0.5V 
Vcc = 5.25V 


Reset Input Current 
liH 
-03 
mA 
VIH = 3.0V 
Vcc = 5.25V 


IlL 
-0.6 
mA 
VIL = 0.5V 
Vcc = 5.25V 


Chip Select, 07 Input Current 
Ii 
-10 
+10 
/lA 
0< 
VI < Vcc 


Column Output Voltage 
VOLCOL 
26 
3.2 
V 
lOUT= -5.0A 
Vcc = 5.00V 


NOTES: 
1. See Figure 11 for total system supply current. 
2. External reset may be initiated 
by grounding 
Reset with either a switch or open collector 
TTL gate for a minimum time of 


50ms. For Power On Reset to function 
properly, 
Vcc power supply should turn on at a rate >100Vls. 


3. Momentary 
peak surge currents 
may exist on these lines. However, these momentary 
currents 
will not interfere with 


proper operation 
of the HDSP-2470/1/2. 


Supply Voltage Vee to Ground 
-0.5V to 6.0V 


Inputs, 
Data Out and VB 
-0.5V to Vee 


Column 
Input Voltage, VeOl 
-0.5V to +6.0V 


Free Air Operating 
Temperature 
Range, TAI11 
O°C to +55°C 


Storage Temperature 
Range, Ts 
-55°C to +100°C 


Recommended 
operating Conditions 


Parameter 
Symbol 
Min. 
Norm. 
Max. 
Units 


Supply Voltage 
Vee 
4.75 
5.0 
5.25 
V 


Column Input 
Voltage, Column On 
VeOl 
2.6 
V 


Setup Time 
tSETUP 
70 
45 
ns 


Hold Time 
tHOlo 
30 
0 
ns 


Width of Clock 
tW(elOeK) 
75 
ns 


Clock Frequency 
!clOCK 
0 
3 
MHz 


Clock Transition 
Time 
tTHl 
200 
ns 


Free Air Operating[1J 
Temperature Range 
TA 
0 
55 
°C • 


Parameter 
Symbol 
Min. 
Typ." 
Max. 
Units 
Conditions 


Supply Current 
45n 
60n[2J 
mA 
Vee = 5.25V 
VB = O.4V 
Ice 
VeloeK=VoATA=2.4V 
73n 
95n 
mA 
All SR Stages = 
VB = 2.4V 
Logical 1 


leOl 
1.5n 
mA 
Vee = VeOl = 5.25V VB = 0.4V 


Column Current at any Column Input 
All SR Stages = 
Logical 1 
leOl 
335n 
410n 
mA 
VB = 2.4V 


Peak Luminous Intensity per LED 
Vee = 5.0V. VeOl = 3.5V 


(Character Average) 
Iv PEAK 
105 
200 
}.lcd 
TJ = 25°C131, VB = 2.4V 


VB,Clock or Data Input Threshold 
High 
VIH 
2.0 
V 
Vee = VeOl = 4.75V 
VB,Clock or Data Input Threshold 
Low 
Vil 
0.8 
V 


Input Current Logical 1 
VB, Clock 
hH 
80 
}.lA 


Data In 
Vee = 5.25V, VIH = 2.4V 
hH 
40 
}.lA 


Input Current Logical 0 
VB, Clock 
III 
-500 
-800 
}.lA 
Vee = 5.25V, Vil = O.4V 
Data In 
hl 
-250 
-400 
}.lA 


Power Dissipation Per Board[41 
Po 
0.66n 
W 
Vce = 5.0V, VeOl = 2.6V 
15 LED's on per Character, 
VB = 2.4V 


"All typical 
values specified 
at Vee = 5.0V and TA = 25°C unless otherwise 
noted. 


NOTES: 
1. Operation 
above 55° C (70° C MAX) may be achieved by the use of forced air (150 fpm normal to component 
side of 
HDSP-247X controller 
board at sea level). Operation down to -20° C is possible in applications 
that do not require the 
use of HDSP-2470/-2471/-2472 
controller 
boards. 


2. n = number 
of HDSP-2000 
packages 
HDSP-2416 
n = 4 
HDSP-2424 
n = 6 
HDSP-2432 
n = 8 
HDSP-2440 
n = 10 
3. Tj refers to initial 
case temperature 
immediately 
prior to the light measurement. 


4. Power dissipation 
with all characters 
illuminated. 


System Overview 


The 
HDSP-2470/-2471/-2472 
Alphanumeric 
Display 
outputs, a READY output, DATA VALID output, and a 
Controllers 
provide the interface between any ASCII 
COLUMN ON output. A low level on the RESET input 
based 
Alphanumeric 
System 
and 
the 
HDSP-2000 
clears the display and initializes the system. A low level on 
Alphanumeric 
Display. ASCII data is loaded into the 
the CHIP SELECT input causes the system to load data 
system by means of anyone of four data entry modes- 
from the DATA IN and ADDRESS inputs into the system. 
Left, Right, RAM or Block Entry. This ASCII data is stored 
The controller outputs a status word, cursor address and 
in the internal RAM memory of the system. The system 
32 ASCII data characters through the DATA OUT outputs 
refreshes HDSP-2000 displays from 4 to 48 characters 
and DATA VALID output during the time the system is 
with the decoded data. 
waiting to refresh the next column of the display. The 
The user interfaces to any of the systems through eight 
COLUMN ON output can be used to synchronize the 
DATA IN inputs, five ADDRESS inputs (RAM mode), a 
DATA OUT function. 
A block diagram for the HDSP- 


CHIP SELECT input, RESET input, seven DATA OUT 
2470/-2471/-2472 systems is shown in Figure 1. 
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DATA VALID 


COLUMN ON 


VB,OISPLAY 
VB 
BLANKING 
-- 
RESET---e 
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.:t 


DECODER 
TRANS 
RAM ADDRESS ~ 
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DATAIN~ 
DISPLAV 
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CHIP SELECT ---e 
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READV_ 
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DISPLAV DATA 


CLOCK 


*CHARACTER 
GENERATOR 
FOR HDSP-2471, 


SOCKET FOR 1K X 8 PROM FOR HDSP-2472. 


Figure 1. Block Diagram for the HDSP-2470/-2471/-2472 
Alphanumeric 
Display Controller. 


The system interfaces to the HDSP-2000 display through 
20 


five COLUMN outputs, a CLOCK output, DISPLAY DATA 
~ 
output, and the COLUMN ON output. The user should 
18 
'" 
connect 
DISPLAY DATA to DATA IN of the leftmost 
~ 


HDSP-2000 cluster and cascade DATA OUT to DATA IN 
~ 
16 
~ 


of all HDSP-2000 clusters. COLUMN outputs from the 
" 
~ 
~DSP'24711'2472 
z 
"J'., 
system are connected to the COLUMN inputs of all HDSP- 
0z 
14 
2000 clusters. The HDSP-24XX Series display boards are 
~ 
HDSP·2470.••••• 


designed to interconnect 
directly with the HDSP-247X 
3 
" 


0 
Series display controllers. 
The COLUMN outputs can 
u 
12 
.•. 
"- 


..•... 


source enough current to drive up to 48 characters of the 
" 
HDSP-2000 display. Pulse width modulation of display 
10 
luminous 
intensity 
can 
be 
provided 
by 
connecting 
- 


COLUMN ON to the input of a monostable multivibrator 
0 
I 


and the output of the monostable multivibrator to the VB 
0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
inputs of the HDSP-2000displays. The system is designed 
DISPLAY LENGTH 
to refresh the display at a fixed refresh rate of 100 Hz. 
COLUMN ON time is optimized for each display length in 
Figure 2. Column on Time ys. Display Length for the 
order to maximize light output as shown in Figure 2. 
HDSP-2470/-2471/-2472 
Alphanumeric 
Display Controller. 


Control Mode/Data 
Entry 


User interface to the HDSP-247X Series controller is via an 
8 bit word which provides to the controller either a control 
word or standard ASCII data input. In addition to this user 
provided 8 bit word, two additional control lines, CHIP 
SELECT and READY, allow easiIy generated "handshake" 
signals for interface purposes. 


CONTROL 
WORD: D]D6DSD4D3D2D1DO 


11 IX 
X I-I Y Y Y 
Y 1 


A logic low applied to the CHIP SELECT input (minimum 
six microseconds) 
causes the controller 
to read the 8 
DATA IN lines and determine whether a control word or 
ASCII data word is present, as determined by the logic 
state of the most significant 
bit (07). 
If the controller 
detects a logic high at 07, the state of 06-00 will define the 
data 
entry 
mode 
and 
the 
number 
of 
alphanumeric 
characters to be displayed. 


The 8 bit control data word format is outlined in Figure 3. 
For the control word (07 high). bits 06 and 05 define the 
selected data entry mode (Left entry, Right entry, etc.) and 
bits 03 to Do define display length. Bit 04 is ignored. 


Control word inputs are first checked to verify that the 
control word is valid. The system ignores display lengths 
greater than 1011for left block or right, or 0111for RAM. If 
the word isvalid, the present state-next 
state table shown 


in Figure 4 is utilized to determine whether or not to clear 
the display. For display lengths of up to 32 characters, 
RAM entry can be used as a powerful editing tool, or can 
be used to preload the cursor. With other transitions, the 
internal data memory is cleared. 


YYYY 
o 0 0 0 
000 
1 
o 0 1 0 
001 
1 
o 1 00 
o 1 0 1 
o 1 1 0 
o 1 1 1 
1 000 
100 
1 
1 0 1 0 
1 0 1 1 


DISPLAYLENGTH: 
4 DIGITS 
8 
12 
16 
20 
24 
28 
32" 
36 
40 
44 
48 


X X 
DATA ENTRYMODES 
o 0 
RAMDATA ENTRY 
01 
LEFTDATA ENTRY 
1 0 
RIGHTDATA ENTRY 
1 1 
BLOCKDATA ENTRY 


CLEAR. 
BLINKING 
CURSOR - BEGIN 


11) 
RAM ENTRY MODE IS VALID 
FOR DISPLAYS OF 
32 CHARACTERS OR LESS IN LENGTH. 


12) 
FOLLOWING A TRANSITION 
FROM RAM TO 
BLOCK, WHEN THE CURSOR ADDRESS IS 4B 
(30,.) DURING THE TRANSITION, 
THE FIRST 
VALID 
ASCII CHARACTER WILL BE IGNORED 
AND THE SECOND VALID 
ASCII CHARACTER 
WILL BE LOADED IN THE LEFT· MOST DISPLAY 
LOCATION. 


2C,. ' 44,0 
2816.40,0 
24, •• 36,0 
2°16.32,0 
'C,.,2Ilto 
18, •. 24,0 
1416.2°10 
10,.,16,0 
OC,., 12,0 
08,., 
8,0 
04, •• 
4,0 


0016 


• 


' 
- - 


If 07 is a logic 
low when 
the DATA 
IN lines are read, the 
controller 
will interpret 
06-00 
as standard 
ASCII 
data to be 
stored, 
decoded 
and displayed. 
The system 
accepts 
seven 
bit ASCII 
for all three 
versions. 
However, 
the HDSP-2470 
system 
displays 
only 
the 
64 
character 
subset 
[2016 


(space) 
to 
5F16 ~)l 
and 
ignores 
all 
ASCII 
characters 


outside 
this subset 
with the exception 
of those 
characters 


defined 
as display 
commands. 
These 
display 
commands 


are shown 
in Figure 
5. Displayed 
character 
sets for the 


HDSP-2470/-2471 
systems 
are shown 
in Figure 
6. 


DATAWORD, 
D7 D6 D5 D4 D3 D2 D1 DO 


ASCIIASSIGNMENT 10 I A 
A 
A 
A 
A 
A 
AI 
DISPLAYCDMMAND IValidin 
LF 
0 
0 
CLEAR 
Right 
Entry 
BS 
0 
0 
BACKSPACE 
CURSOR 
Mod. j."" 
HT 
0 
0 
FORWARDSPACE 
CURSDR 
Left 
Entry 
Mod. 
US 
0 
1 
INSERTCHARACTER 
DEL 
1 
1 
DELETECHARACTER 


128CHARACTERASCIISET 
IHDSP-2471J 


64CHARACTERASCIISUBSET 
IHDSP-2470J 


Regardless of whether a control word or ASCII data word 
is presented by the user, a READY signal is generated by 
the controller 
after the input word is processed. This 
READY signal goes low for 251's and upon a positive 
transition, a new CHIP SELECT may be accepted by the 
controller. 
Data Entry Timing is shown in Figure 7. 


1:'====~A~O~O~R~E;SS;:HO~L~O~T~I~M~E===='~1 


~10J.lSMAX. 


E-O-A-TA-HO-L-O-T-IM-E-3 
="'''l 


CHIPSELECT-UL.. 
.....I 
-I~. 
_~_6_",_MI_N. 
_ 
DATAENTRYTIME----------l.11- 25",' 


IL..---",CELECT 
= 0 
I 
I 
AFTERTHISTIME, 
f.-25",-l 
CONTROLLER 
WILL 
ENTERNEXTCHARACTER. 


DATA 
ENTRY 
MODE 


DATA 
HDSP· 
DATA 
HOLD TIME" 
ENTRY 


LEFT (2471/2) 
1351's 
2351's 
LEFT (2470) 
1501's 
2451's 


RIGHT (2471/2) 
851's 
480l's 
RIGHT (24701 
1051's 
490l's 


RAM (2471/2) 
551's 
1201's" 
1901's 
RAM (2470) 
551's 
1301's" 
2001's 


BLOCK (2471/2) 
551's 
1201's 
BLOCK (2470) 
551's 
1301's 


LOAD CONTROL 
(2471/2) 
50l's 
5051's 
LOAD CONTROL 
(24701 
50l's 
5051's 


FUNCTION 


BACK 
FORWARD 
SPACE 
CLEAR 
SPACE 
DELETE 
INSERT 


1951's 
5051's 
2051's 
7251's 
7251's 
2151's 
530l's 
2251's 
7451's 
7351's 


470l's 
4651's 
490l's 
4851's 


(1551's FOR RIGHTMOST 
CHARACTER) 
(1651's FOR RIGHTMOST 
CHARACTER) 


*Minimum 
time 
that 
data 
inputs 
must 
remain 
valid 
after 
Chip 
Select 
goes low. 


**Minimum 
time 
that 
RAM 
address 
inputs 
must 
remain 
valid 
after 
Chip 
Select 
goes low. 


• 


Left Entry Mode 


With 
Left entry, characters 
are entered in typewriter 
fashion, i.e., to the right of all previous characters. Left 
entry uses a blinking cursor to indicate the location where 
the next character is to be entered. CLEAR loads the 
display with spaces and resets the cursor to the leftmost 
display 
location. 
BACKSPACE and FORWARDSPACE 
move the cursor without changing the character string. 
Thus, the user can backspace to the character to be 
edited, enter a character and then forward space the 
cursor. 
The 
DELETE function 
deletes the displayed 
character 
at the cursor 
location 
and then shifts the 
character string following the cursor one location to the 
left to fill the void of the deleted character. The INSERT 
CHARACTER sets a flag inside the system that causes 
subsequent ASCII characters to be inserted to the left of 
the character at the cursor location. As new characters are 
entered, the cursor, the character at the cursor, and all 
characters 
to the right of the cursor are shifted one 
location to the right. The INSERT function is terminated 
by a second INSERT CHARACTER, or by BACKSPACE, 
FORWARDSPACE, CLEAR or DELETE. In Left entry 
mode, after the display is filled, the system ignores all 
characters except BACKSPACE and CLEAR. The system 
allows the cursor to be positioned only in the region 
between the leftmost display character and immediately 
to the right (offscreen) of the rightmost display character. 


Right Entry Mode 


In Right entry mode, characters are entered at the right 
hand side of the display and shifted to the left as new 
characters are entered. In this mode, the system stores 48 
ASCII 
characters, 
although 
only 
the 
last characters 
entered are displayed. CLEAR loads the display with 
spaces. BACKSPACE shifts the display one location to the 
right, deleting the last character entered and displaying 
the next character in the 48 character buffer. Right entry 
mode is a simple means to implement the walking or 
"Times-Square" 
display. 
FORWARDSPACE, 
INSERT, 
and DELETE have character assignments in this mode 
since they are not treated as editing characters. In this 
mode, the cursor 
is located immediately to the right 


(offscreen) of the rightmost displayed character. 


Block Entry Mode 


Block entry allows the fastest data entry rate of all four 
modes. In this mode, characters are loaded from left to 
right as with Left entry. However, with Block entry, after 
the display is completely loaded, the next ASCII character 
is loaded in the leftmost display location, replacing the 
previous displayed character. While Block entry has a 
nonvisible cursor, the cursor is always loaded with the 
address of the next character to be entered. In this entry 
mode, the system can display the complete 128character 
ASCII set. The display can be cleared and the cursor reset 
to the leftmost 
display 
location 
by loading in a new 
BLOCK control word. 


RAM Entry Mode 


In RAM entry, ASCII characters are loaded at the address 
specified by the five bit RAM address. Due to the limitation 
of only five address lines, RAM data entry is allowed only 


for 
displays 
less than 
or 
equal 
to 
32 
characters. 


Regardless of display length, address 00 is the leftmost 
display 
character. 
Out of 
range RAM addresses are 
ignored. While RAM entry has a non-visible cursor, the 
cursor is always preloaded with the address to the right of 
the last character entered. This allows the cursor to be 
preloaded with an address prior to going into any other 
entry mode. In RAM entry, the system can display the 
complete 128 character ASCII set because it does not 
interpret any of the characters as control functions. The 
display can be cleared by loading in a new RAM control 
word. 


Data Out 


For display lengths of 32 characters or less, the data 
stored in the internal RAM is available to the user during 
the time between display 
refresh cycles. The system 
outputs a STATUS WORD, CURSOR ADDRESS, and 32 
ASCII data characters. The STATUS WORD specifies the 
data entry mode and the display length of the system. The 
STATUS WORD output differs slightly from the CON- 
TROL WORD input. This difference is depicted in Figure8. 
Regardless of display length, the CURSOR ADDRESS of 
the rightmost character location is address 47 (2F16)and 
the offscreen address of the cursor is address 48 (3016). 
The CURSOR ADDRESS of the leftmost 
location 
is 
defined as address 48 minus the display length. A general 
formula for CURSOR ADDRESS is: 


CURSOR ADDRESS = 


(47 - Display Length) + Number of Characters from Left. 


For example, suppose the alphanumeric 
display is 16 
characters long and the cursor was blinking at the third 
digit from the left. Then the CURSOR ADDRESS would be 
47 - 16+ 3 or 34 (2216)and the 18th ASCII data word would 
correspond to the ASCII character at the location of the 
display cursor. 
In Left and Block entry, the CURSOR 
ADDRESS specifies the location where the next ASCII 
data character 
is to 
be entered. 
In RAM entry, 
the 
CURSOR ADDRESS specifies the location to the right of 
the last character entered. In Right entry, the CURSOR 
ADDRESS is always 48 (3016).The negative edge of the 
DATA VALID output can be used to load the 34 DATA 
OUT words into the user's system. The DATA OUT timing 
for the HDSP-247X systems are summarized in Figure 8. 
For displays longer than 32 characters, the system only 
outputs 
the STATUS WORD between refresh cycles. 


Master/Power On Reset 


When power is first applied to the system, the system 
clears the display and tests the state of the DATA INPUT, 
D7.If D7> 2.0V,the systems loads the control word on the 
DATA INPUTS into the system. If D7:5 .8V or the system 
sees an invalid control word, the system initializes as Left 
entry for a 32 character display with a flashing cursor in 
the leftmost location. For POWER ON RESETto function 
properly, the power supply must turn on at a rate> 100Vis. 
In addition, the system can be reset by pulling the RESET 
input low for a minimum 
of 50 milliseconds. 
POWER 
ON/MASTER RESET timing is shown in Figure 9. 
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Custom Character Sets 


The HDSP-2472 system has been specifically designed to 
permit the user to insert a custom 128ASCII character set. 
This system features a 24 pin socket that is designed to 
accept a custom programmed 1K X 8 PROM, EPROM, or 
ROM. The read only memory should have an access timeS 
500ns,IlLS 1-.4mAI and IIHS40I"A. A list of pin compatible 
read only 
memories 
is shown. in Figure 
10. Jumper 
locations 
are provided 
on the HDSP-2472 P.C. board 
which allow the use of ROM's requiring chip enables tied 
either 
to 
0 or 5V. For further 
information 
on 
ROM 
programming, 
please contact the factory. 


Power Supply Requirements 


The 
HDSP-247X 
Alphanumeric 
Display 
System 
is 
designed to operate from a single 5 volt supply. Total lee 
requirements for the HDSP-247X Alphanumeric 
Display 
Controller 
and HDSP-24XX Display Panel are shown in 
Figure 11. Peak lee is the instantaneous current required 
for the system. Maximum Peak lee occurs for Vee =5.25V 
with 
7 dots 
ON 
in the 
same Column 
in all display 
characters. 
This 
current 
must 
be 
supplied 
by 
a 
combination 
of 
the 
power 
supply 
and 
supply 
filter 
capacitor. Maximum Average lee occurs for Vee = 5.25V 
with 21 dots ON per character in all display characters. 
The inclusion of a 375 X microfarad capacitor (where X is 
the number of characters in the display) adjacent to the 
HDSP-247X Alphanumeric Display System will permit the 
use of a power supply capable of supplying the maximum 
average lee. 


Figure 11. Maximum Peak and Average lee for the HDSP· 
2470/71/72 Alphanumeric 
Display Controller 
and HDSP-2000 


Display. 


TYPE OF 
SUGGESTED 
FUNCTION 
CONNECTOR 
MANUFACTURER 


CONTROL/DATA 
26 Pin 
3M PIN 
3399-XOOOSeries 


ENTRY 
Ribbon Cable 


3 Pin 
Motex PiN 09-50·3031 with 
POWER!!l 
With 
Locking 
OS-50-01OO 
Terminals 
Ramp 


DISPLAY 
17 Lead 
Amp PIN 
1-530500·7, also 


DRIVEt2.31 
Board to Board 
available in board to cable 
and other configurations 


NOTES, 
(1) Power leads should be 18-20 gauge stranded wire. 
{2) The maximum lead length from the controller 
board to the 


display should not exceed 1 metre. 


(3) The suggested Amp connector is supplied with the controller. 


EXTERNAL 
CONNECTION' 


PART NUMBER 
MANUFACTURER 
TYPE 
CONSTRUCTION 
~ 
':!.. 
.? 


2758 
Intel 
EPROM 
NMOS 
GND 
GND 
+5 


7608 
Harris 
PROM 
8IPOLAR-NiCr 
NC 
NC 
NC 


3628-4 
Intel 
PROM 
BIPOLAR-Si 
+5 
+5 
GND 


8252708 
Signetics 
PROM 
BIPOLAR-NiCr 
NC 
NC 
NC 


6381 
Monolithic 
Mem. 
PROM 
BIPOLAR-NiCr 
+5 
+5 
GND 


6385 
Monolithic 
Mem. 
PROM 
BIPOLAR-NiCr 
NC 
NC 
NC 


875228 
National 
PROM 
BIPOLAR-TiW 
+5 
+5 
GND 


93451 
Fairchild 
PROM 
BIPOLAR-NiCr 
+5 
+5 
GND 
6830B 
Motorola 
ROM 
NMOS 
NC 
NC 


2607 
Signetics 
ROM 
NMOS 
NC 
NC 


30000 
Mostek 
ROM 
NMOS 
+5 
NC 


*Board jumpers correspond 


to pins 18, 19 & 21 of ROM. 


* * As defined 
by customer 


Display Boards/Hardware 


The mechanical layout of the HDSP-247X Series allows 
direct mating of the controller P.C. board to a compatible 
series of display boards available from Hewlett-Packard. 
These display 
boards 
consist 
of matched and tested 
HDSP-2000 clusters soldered to a P.C. board. 


Included with the controller board are: 1 each Amp PIN 1- 
530500-7 board to board connector, and 4 each locking 
circuit 
board support nylon standoffs (Richco LCBS-4). 


This hardware allows the controller board to interconnect 
with any of the standard display boards. Figure 12 depicts 
correct assembly technique. 


Assembly 
Steps 


1. 
Insert the standoffs into .151diameter holes (noted as 
"S" on Figure 12.The long end of the standoffs should 
protrude through the controller 
board side. 


2. 
Position the controller board and display board with 
the components and displays facing out. The HP logo 
should be in the upper left corner when viewed facing 
the boards. Insert the standoffs through the mating 
holes on the display board and press the boards to- 
gether so that the standoffs. lock in place. 


3. 
After the standoffs are secured. the Amp connector 
should be placed on the edge connect pads (marked 
"A" through "Q" Figure 12) at the top of the boards. 
Visual alignment of this connector may be done on the 
controller board by determining that the first connect- 
or contact finger is centered on the pad labeled "A". 


MOLEX 
Connector 
(MOLEX 
pin 09-65-1031) ---------- 
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• COMPLETE ALPHANUMERIC 
DISPLAY 
SYSTEM UTILIZING 
THE HDSP-6508 DISPLAY 


• DISPLAYS 64 CHARACTER ASCII SET 


• CHOICE OF 16, 24, 32, OR 40 ELEMENT 
DISPLAY PANEL 


• MULTIPLE DATA ENTRY FORMATS 
Left, Right, RAM, or Block Entry 


• EDITING FEATURES THAT INCLUDE 
CURSOR, BACKSPACE, FORWARDSPACE, 
INSERT, DELETE, CARRIAGE RETURN, 
AND CLEAR 


• DATA OUTPUT CAPABILITY 


• SINGLE 5.0 VOLT POWER SUPPLY 


• TTL COMPATIBLE 


• EASILY INTERFACED TO A KEYBOARD On 
A MICROPROCESSOR 


The HDSP-87XX series of alphanuroeric display systems 
provides the user with acompletely supported 16segment 
display panel. These products free the user's system from 
display 
maintenance 
and 
minimize 
the 
interaction 


normally required for alphanumeric displays. 


Each 
alphanumeric 
display 
system 
consists 
of 
a 


preprogrammed 
microprocessor 
plus associated logic, 
which 
provides 
decode, 
memory, 
and drive 
signals 
necessary to properly interface a user's system to an 
HDSP-6508 display. In addition to these basic display 
support operations, the controller accepts data in any of 
four data entry formats and incorporates several powerfUl 
editing 
routines. 
This 
microprocessor 
controller 
is 


mounted behind a single line display panel consisting of 
HDSP-6508 displays matched for luminous intensity. 


These alphanumeric display systems are attractive for 
applications 
such as data entry terminals, instrumen- 
tation" electronic typewriters, and other products which 
require an easy to use 16 segment alphanumeric display 
system. 


16 SEGMENT 
ALPHANUMERIC 
DISPLAY SYSTEM 


HDSP-8716 
HDSP-8724 
HDSP-8732 
HDSP-8740 


Part Number 
Description 


HDSP-87t6 
Single-line 16Character Alphanumeric 
Display System utilizing the 
HDSP-6508 Display 


HDSP-8724 
Single-line 24 Character Alphanumeric 
Display System utilizing the 
HDSP-6508 Display 


HDSP-8732 
Single-line 32 Character Alphanumeric 
Display System utilizing the 
HDSP-6508 Display 


HDSP-8740 
Single-line 40 Character Alphanumeric 
Display System utilizing the 
HDSP-6508 Display 
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Vee 
, 
-0.5V to 6.0V 


Operating 
Temperature 
Range, 
Ambient 
(TAl 
O°C to 70°C 
Storage Temperature 
Range (Ts) 
-40°C to 85°C 


Voltage Applied 
to any 
Input or Output 
-0.5V to 6.0V 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 


Supply Voltage 
Vee 
4.75 
5.25 
V 


Data Out, Data Valid 
IOL 
3.2 
mA 


Ready, Refresh 
IOH 
-80 
I"A 


Active, Clock 
IOL 
1.6 
mA 


IOH 
·40 
I"A 


Parameter 
Symbol 
Min. 
Typ.I'1 
Max. 
Units 
Conditions 
J HDSP-8716/-8724 
Ice 
560 
1150 
mA 
Vee=5.25V, 
"$" Displayed 
in All 


Supply 
Current 'I HDSP-8732/-8740' 
Ice 
700 
1320 
mA 
Character 
Locations, 
All Outputs 
Open 


Time Average Luminous 
Intensity 
Iv 
.24 
.70 
mcd 
Vee=5.0V, 
Digit Average '$' Displayed 


Per Digit, 10 Segments 
on 11 
In All Character 
Locations, 
TA=25° C 


Input Threshold 
High (except 
Reset) 
VIH 
2.0 
V 


Input Threshold 
High - 
Resetl21 
VIH 
3.0 
V 
Vee=5.0V ± .25V 


Input Threshold 
Low - 
All Inputs 
VIL 
0.8 
V 


Data Out, Data Valid, Ready, 
VOH 
2.4 
V 
IOH=-80I"A, Vee = 4.75V 


Refresh, Output 
Voltage 
VOL 
0.5 
V 
IOL=3.2 mA, Vee=4.75V 


Active, Clock Output 
Voltage 
VOH 
2.4 
V 
IOH=-40I"A, Vee=4.75V 


VOL 
0.5 
V 
IOL=1.6mA. Vec=4.75V 


Address,I31 
Expand, 
hH 
-0.3 
mA 
VIH=2.4V, Vcc=5.25V 


Input Current 
hL 
-0.6 
mA 
VIL=0.5V, Vcc=5.25V 


Blank Input Current 
hH 
-0.5 
mA 
VIH=2.4V, Vcc=5.25V 


hL 
-1.0 
mA 
VIL=0.5V, Vcc=5.25V 


Reset Input Current 
IIH 
-0.5 
mA 
VIH=3.0V, Vcc=5.25V 


hL 
-1.0 
mA 
VIL=0.5V, Vcc=5.25V 


Data In, Chip Select, Input Current 
II 
-10 
+10 
I"A 
O<VI<VCC 


Peak Wavelength 
APEAK 
655 
nm 


Dominant 
Wavelength 
41 
Ad 
640 
nm 


NOTES: 
1. The luminous intensity ratio between segments within a 
digit is designed so that each segment will have the same 
luminous sterance. Thus, each segment will appear with 
equal brightness to the eye. 
2. External reset may be initiated by grounding Reset with either 
a switch or open collector TTL gate for a minimum time of 
50ms. For Power On Reset to function 
properly, Vcc power 
supply should turn on at a rate> 1OOV IS. 


3. Momentary peak surge currents may exist on these lines. 


However, these momentary currents will not interfere with 
proper operation of the HDSP-8716/-8724/-8732/-8740. 


4. The dominant wavelength, Ad, is derived from the C.I.E. 


chromaticity 
diagram and represents that single wavelength 


which defines the color of the device, standard red. 


5. All typical values at Vcc = 5.0V and TA = 25° C unless 
otherwise noted. 


System Overview 


The 
HDSP-8716/-8724/-8732/-8740 
Alphanumeric 
Dis- 


play Controllers 
provide 
the interface 
between 
any ASCII 


based 
Alphanumeric 
System 
and the HDSP-6508 
Alpha- 
numeric 
Display. 
ASCII 
data is loaded 
into the system 
by 
means 
of anyone 
of four 
data entry 
modes - 
Left, Right, 


RAM, 
or 
Block 
Entry. 
This 
ASCII 
data 
is stored 
in the 


internal 
RAM memory 
of the system. 
The system 
may also 


be expanded 
to form 
multiple 
line panels 
with 
system 
to 


system 
control 
signals. 


The 
user 
interfaces 
to any 
of the system 
through 
eight 
DATA 
IN 
inputs, 
six 
ADDRESS 
inputs 
(RAM 
model, 
a 


CHIP 
SELECT 
input, 
RESET 
input, 
BLANK 
input, 


EXPAND 
input, 
six DATA 
OUT outputs, 
a READY output, 
DATA 
VALID 
output, 
REFRESH 
output, 
and 
CLOCK 


output. 
A low level on the RESET 
input 
clears the display 
and 
initializes 
the 
system. 
A 
low 
level 
on 
the 
CHIP 


SELECT 
input 
causes 
the system 
to load 
data 
from 
the 


DATA 
IN and ADDRESS 
inputs 
into the system. 
A special 


control 
word 
causes 
the controller 
to output 
a STATUS 


WORD, 
CURSOR 
ADDRESS, 
and 
a 
string 
of 
ASCII 
characters 
through 
the 
DATA 
OUT 
outputs 
and 
DATA 
VALID 
output. 
A low 
level 
on the EXPAND 
input 
allows 


two 
or 
more 
systems 
to be configured 
for 
multiple 
line 


display 
panels. 
Pulse 
width 
modulation 
of 
display 


luminous 
intensity 
can 
be 
provided 
by 
connecting 


REFRESH 
to the input 
of a monostable 
multivibrator 
and 


the output 
of the monostable 
multivibrator 
to the BLANK 


input. 
A 400kHz 
clock 
is provided 
on the CLOCK 
output. 
A 


system 
block 
diagram 
for 
the HDSP-8716/-8724/-8732/- 


8740 systems 
is shown 
in Figure 
1 The system 
is designed 


to refresh 
the display 
at a fixed 
refresh 
rate of 100Hz. The 


display 
duty 
factor 
is optimized 
for each display 
length 
in 


order 
to maximize 
light 
output. 
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REFRESH 
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Control Mode/Data 
Entry 


User interface 
to the HDSP-87XX 
series controller 
is via an 


8-bit 
word 
which 
provides 
to the controller 
either a control 


word 
or standard 
ASCII 
data input. 
In addition 
to this user 


provided 
8-bit 
word, 
two 
additional 
control 
lines, 
CHIP 


SELECT 
and READY, allow easily generated 
"handshake" 


signals 
for interface 
purposes. 
------ 
A logic 
low applied 
to the CHIP SELECT 
input 
(minimum 


six 
microseconds) 
causes 
the 
controller 
to 
read 
the 
8 
DATA 
IN lines 
and determine 
whether 
a control 
word 
or 


ASCII 
data 
word 
is present, 
as determined 
by the 
logic 
state 
of 
the 
most 
significant 
bit 
(07). 
If the 
controller 


detects 
a logic 
high at 07, the state of 06-00 will define the 


data entry 
mode 
and appropriate 
display 
length. 


The 8 bit control 
data word 
format 
is outlined 
in Figure 2. 


For the control 
word (07 high), 
bits 05 and 04 define 
the 


selected 
data entry 
mode (Left entry, Right entry, etc.) and 


bits 03 to Do define 
display 
length. 
Bit 06 is ignored. 


Control 
word 
inputs 
are first 
checked 
to verify 
that 
the 


control 
word 
is valid. 
If the word 
is valid, the present 
state 


- 
next 
state 
table 
shown 
in 
Figure 
3 
is 
utilized 
to 
determine 
whether 
or not to clear 
the display. 
RAM entry 


can be used as a powerful 
editing 
tool 
or can be used to 


preload 
the 
cursor. 
With 
other 
transitions, 
the 
internal 
memory 
is cleared. 
The CONTROL 
WORD 
1XXX11XX2 
is 


used by the controller 
to initiate 
the DATA 
OUT function. 


• 


x 
X 
DATA 
ENTRY 
MODES 


o 
0 
RAM DATA 
ENTRY 
o 
1 
LEFT 
DATA 
ENTRY 
1 
0 
RIGHT 
DATA 
ENTRY 


1 
1 
BLOCK 
DATA 
ENTRY 


OISPLAY 
LENGTH 


16 DIGITS 
24 DIGITS 
32 DIGITS 
40 DIGITS 


HDsp·8716 
HDSP·8724 
HDsp·8732 
HDSP·8740 


CLEAR 
OFFSCREEN 
CURSOR 
= DISPLAY 
LENGTH 


CLEAR, 
BLlN~ 
CLEAR,OFFSCREEN 
CURSOR 
= 0016 
CURSOR:l< 
DISPLAY 
LENGTH 


CLEAR, 
BLINKING 
CURSOR 
:l< 


0016 


DATA 
WORD: 
0706 
Os 04 03 Dz 01 DO 


ASCII ASSIGNMENT 
101 
X 
X 
X 
X 
X 
X 
X I 


BS 
LF 
HT 
CR 
US 
DEL 
VT 
FF 
RS 


BACKSPACE 
CLEAR 
(NEW 
L1NP) 


FORWARDSPACE 
CARRIAGE 
RETURN 
INSERT 
CHARACTER 
DELETE 
CHARACTER 


CURSOR 
DOWN 
HOME 
& CLEAR 
CURSOR 
UP 


} 


LEFT' 


SINGLE lLEFT, 


jEXPAND. 


If 07 is a logic 
low when 
the DATA 
IN lines are read, the 
controller 
will interpret 
06-00 
as standard 
ASCII 
data to be 
stored, 
decoded, 
and displayed. 
The 
system 
accepts 
the 
standard 
7-bit 
ASCII 
code. 
However, 
the 
HDSP-87XX 
system 
displays 
only the 64 character 
subset 
120161space 
I 


to 5F16 (111and 
ignores 
all ASCII 
characters 
outside 
this 
subset 
with 
the exception 
of those 
characters 
defined 
as 
display 
commands. 
These 
display 
commands 
are shown 


in 
Figure 
4. The 
displayed 
character 
set for 
the 
HDSP- 


87XX system 
is shown 
in Figure 
5. 


Regardless 
of whether 
a control 
word 
or ASCII 
data word 
is presented 
by the user, a READY 
signal 
is generated 
by 
the 
controller 
after 
the 
input 
word 
is processed. 
This 


READY 
signal 
goes 
low 
for 
35/'s 
and 
upon 
a positive 


transition, 
a new CHIP 
SELECT 
may be accepted 
by the 
controller. 
Data 
Entry 
Timing 
is shown 
in Figure 
6. 
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BITS 
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0 
0 
1 
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DO 
0 
, 
0 
, 
0 
1 
0 
, 
0 
, 
0 
, 
0 
, 
0 
, 


06 05 04 
HEX 
0 
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• 
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• 
A 
B 
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° 
E 
F 


o 
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0 
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bp.ul 
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I 
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> '* + 
- 
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0' 
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6 
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9 
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5 P Q R 5 T U V 
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( 


I' 


~10,uSMAX. 
E:-O-A-T-AH-O-l-OT-IM-.-:----3 


DATA 
ENTRY 
TIME ---------~I 
~2.5J.1$* 


1--- 
CElECT=O 


I 
I 
AFTER 
THIS TIME, 


1--35ps--t 
CONTROLLERWILL 


ENTER 
NEXT 
CHARACTER. 


OATA 
ENTRY 
MODe 
FUNCTION 


DATA 
DATA 
HOLD TIMe· 
ENTRY as 
H1 
LF 
CR 
us 
INSERT 
DEl 
V1 
FF 
RS 
--_. 
lEFT. 
SINGLE 
"". 
".•.. 215,,1 
235;,11 
5(J5p$ 
220.- 
2IlO,•• 
665", 
lS45,J$ 


LEFT, 
eXPANDED ,•... 
345,.11 
26•••• 
265.01$ 
265;.11 ,.•.. 
24~, 
",•... 
690...1 """. 
530,. 
245,... 


RIGHT 
,.... 
48010'$ 
480 ••1 
4850. 


RAM 
25;;$ 145,.;.,·· """. 
BLOCK 
"". 
130jJl 
1165,.;$ 
fOllOWING 
RIGHTMOST 
CHARACTER) 


CONTROL 
"". 
..•... 


DATA 
OUT 
25". 
28Qj,J:1· 
36fl1JI. WHERE"" 
CONFIGURED 
OISVLAV 
LENGTH 


I 


Left 
Entry 
Mode 


With 
Left 
entry, 
characters 
are 
entered 
in 
typewriter 
fashion, 
i.e., to the 
right 
of all previous 
characters. 
Left 
entry 
uses a blinking 
cursor 
to indicate 
the location 
where 
the 
next 
character 
is to 
be entered. 
CLEAR 
loads 
the 
display 
with 
spaces 
and 
resets 
the cursor 
to the leftmost 
display 
location. 
BACKSPACE 
and 
FORWARDSPACE 


move 
the 
cursor 
without 
changing 
the 
character 
string. 


Thus, 
the 
user 
can 
backspace 
to 
the 
character 
to 
be 
edited, 
enter 
a character 
and 
then 
forwards 
pace 
the 
cursor. 
CARRIAGE 
RETURN 
resets 
the 
cursor 
to 
the 
leftmost 
display 
location 
leaving 
the display 
unchanged. 


The 
DELETE 
function 
deletes 
the displayed 
character 
at 
the 
cursor 
location 
and 
then 
shifts 
the 
character 
string 
following 
the cursor 
one location 
to the left to fill the void 
of the deleted 
character. 
The INSERT 
CHARACTER 
sets a 


flag 
inside 
the 
system 
that 
causes 
subse'tjuent 
ASCII 


characters 
to be inserted 
to the left of the character 
at the 
cursor 
location. 
As 
new 
characters 
are 
entered, 
the 
cursor, 
the character 
at the cursor, 
and all characters 
to 
the right 
of the cursor 
are shifted 
one location 
to the right. 


The 
INSERT 
function 
is terminated 
by a second 
INSERT 


CHARACTER, 
or 
by 
BACKSPACE, 
FORWARDSPACE, 


CLEAR, 
CARRIAGE 
RETURN, 
or DELETE. 
In Left entry 


mode, 
after 
the 
display 
is filled, 
the 
system 
ignores 
all 


characters 
except 
BACKSPACE, 
CARRIAGE 
RETURN, 


and 
CLEAR. 
The 
system 
allows 
the 
cursor 
to 
be 
positioned 
only 
in the region 
between 
the leftmost 
display 


character 
and 
immediately 
to the right 
loffscreen 
1 of the 
rightmost 
display 
character. 


Expanded 
Left 
entry 
is 
selected 
by 
grounding 
the 


EXPAND 
input 
prior 
to RESET. 
Expanded 
Left entry 
mode 


allows 
several 
H DSP-87XX 
systems 
to be connected 
into a 
multiple 
line 
panel. 
Expanded 
Left 
entry 
uses 
the 
ERI 
input, 
ELI 
input, 
LEFT 
input, 
and 
ACTIVE 
output 
to 


provide 
a handshake 
between 
each 
system 
as shown 
in 


Figure 
7. With 
the proper 
connections, 
the cursor 
can be 


moved 
in a circular 
fashion 
from 
the end of the last line to 


the 
beginning 
of 
the 
first 
line, 
or 
such 
that 
it 
shifts 
offscreen 
and is lost until 
the next CLEAR/HOME 
display 


command. 
Expanded 
Left 
entry 
adds 
three 
display 
commands: 
CURSOR 
UP moves 
the cursor 
to the same 


location 
in the precep.ding 
line; 
CURSOR 
DOWN 
moves 
the 
cursor 
to 
the 
same 
location 
in the 
following 
line; 


CLEAR/HOME 
loads 
all displays 
with 
spaces 
and 
resets 


the cursor 
to the leftmost 
display 
location 
in the first 
line. 


The 
CLEAR 
command 
in Left 
entry 
mode 
is replaced 
by 


the LINE 
FEED function. 
LINE 
FEED moves 
the cursor 
to 
the 
leftmost 
display 
location 
in the following 
line 
leaving 
the current 
line 
unchanged. 


Right 
Entry 
Mode 


In Right 
entry 
mode, 
characters 
are entered 
at the right 
hand 
side 
of the 
display 
and 
shifted 
to 
the 
left 
as new 


characters 
are entered. 
In this mode, 
the system 
stores 
48 
ASCII 
characters, 
although 
only 
the 
last 
characters 


entered 
are 
displayed. 
CLEAR 
loads 
the 
display 
with 
spaces. 
BACKSPACE 
shifts 
the display 
one location 
to the 


right, 
deleting 
the 
last 
character 
entered 
and displaying 


the 
next 
character 
in the 48 character 
buffer. 
Right 
entry 
mode 
is a simple 
means 
to 
implement 
the 
walking 
or 


"Times-Square" 
display. 
In 
this 
mode, 
the 
cursor 
is 
located 
immediately 
to 
the 
right 
offscreen 
of 
the 


rightmost 
displayed 
character. 


ALLOWS 
DATA 
ENTRY, 
HT, LF. INSERT. 
VT 
TO GO FROM 
LAST 
LINE 
TO FIRST 
LINE 
-----------~--------------, 
I 
I 


! 
:- -----------------r 
--- ------- ---L :~;~WL~~~·TA6 
~~S~~~NAEOM 


I 
I 
I 
I 
I 
I 
I 
I 
9 
'3 
L_ 
ERI 
ACT 


FIRST 
LINE 
U 


LAST 
LINE 
U 


I 
7 
ill 
m 
m 
m 
L_ 


" 
" 
IEFi' 
" 
rrrr 
vcc " 
LEFT 
IEFi' 
vcc 
vcc 


m 
DO 
EXP 
DO 
m 
DO 
m 
DO 
DATA 
OUT 


ov 
-=- 
ov 
-=- 
ov 
-=- 
ov 
DATA 
VAllO 
-=- 
01 cs Ii 
01 cs 
'R 
01 a: Ii 
01 cs 
R 


DATA 
IN 


CHIP 
SELECT 


RESET 


Block Entry Mode 


Block entry allows the fastest data entry rate of all four 
modes. In this mode, characters are loaded from left to 
right as with Left entry. However, with Block entry, after 
the display is completely loaded, the next ASCII character 
is loaded in the leftmost display location, replacing the 
previous displayed character. While Block entry has a 
non-visible cursor, the cursor is always loaded with the 
address of the next character to be entered. The display 
can be cleared and the cursor reset to the leftmost display 
location by loading in a new BLOCK control word. 


RAM Entry Mode 


In RAM entry, ASCII characters are loaded at the address 
specified 
by the six bit RAM address. Regardless of 
display 
length, 
address 
00 
is 
the 
leftmost 
display 


character. Out of range RAM addresses are ignored. While 
RAM entry has a non-visible cursor, the cursor is always 


preloaded 
with 
the address to the 
right 
of the 
last 
character entered. This allows the cursor to be preloaded 
with an address prior to going into any other entry mode. 
The display can be cleared by loading in a new RAM 
control word. 


Power-On Reset/ReSei 


When power is first applied to the system, the system 
clears the display and tests the state of the DATA INPUT, 
07. If 07 > 2.0V, the system loads the control word on the 
DATA INPUTS into the system. If 07::; 0.8V or the system 
sees an invalid control word, the system initializes as Left 
entry for a 40 character display with a flashing cursor in 
the leftmost location. During RESET,the system also tests 
the state of the EXPAND input. If EXPAND is low, the 
system initializes 
in expanded left entry mode. A flow 
chart that describes the RESET function 
is shown in 
Figure 8. For POWER-ON RESETtofunction 
properly, the• 


' 
- - 


power supply must turn on at a rate> 100Vis. In addition, 
the system can be reset by pulling the RESET input low for 
a minimum 
of 50 milliseconds. 
POWER-ON RESET/ 


RESET timing is shown in Figure 9. 


If some entry mode or display length is desired other than 
40 character Left entry, it is necessary to either load the 


appropriate control word or provide a control word during 
POWER-ON RESET/RESET. The circuit shown in Figure 
10 can be used to load any desired preprogrammed 
control 
word 
into 
the 
HDSP-87XX 
Series 
Display 
Controller during POWER-ON RESET/RESET. 


RESET 
I::::::::::::::::=-_s_o_m_, 
M_'_N:':':':':':':':':':':':':':':':':'1 


'-- 
>330", 
t2.5~S. 


-IF 
CHIP SELECT 
= 0 
AFTER 
THIS 
TIME. 


CONTROLLER 
Will 
ENTER 
A CHARACTER. 


INITIALIZES 
AS LEFT 
ENTRY 


MODE. 
40 CHARACTER 
DISPLAY 


LENGTH 


Vcc 


14 
4A 74LS151 
11 
3A 


DESIRED 
MODE, 
XX 
[ 


5 
2 
2A 
'2 
20 
'A 
4V 
017 
'3 
9 
'8 
017 
48 
3V 
016 
10 
7 
'6 
016 
38 
2Y 
015 
6 
4 
'4 
015 
28 
'Y 
0'4 
014 


3 
18 
'5 
1 
ST 
SEl 


'4 
4 A 74LS157 
HOSP87,6/·87241 
·87321·8740 
DESIRED [ 
11 
3A 
LENGTH, 
5 


VVyy 
2 
2A 
'2 
12 
13 
1A 
4Y 
013 
013 
9 
'0 
48 
3V 
012 
012 
10 
7 
8 
38 
2V 
01, 
6 
4 
6 
01, 
3 
28 
'Y 
010 
010 
18 
'5 
ST 
, 
SEL 
-=- 
Cs 
4 
Cs 


READY 
28 
READY 


XX 
YYVY 
00 
RAM 
0011 
16 DIGITS 
0' 
LEFT 
0101 
24 DIGITS 
'0 
RIGHT 
0111 
32 DIGITS 
11 
BLOCK 
1001 
40 DIGITS 


Data 
Out 


Data stored 
in the HDSP-87XX 
system 
is available 
to the 
user upon 
command. 
Data Out is initiated 
by the control 


word 
1XXX11 XX2. Following 
this control 
word, the system 


outputs 
a STATUS 
WORD, 
CURSOR 
ADDRESS, 
and a 
string 
of 
ASCII 
data 
characters. 
The 
STATUS 
WORD 


specifies 
the data entry 
mode and the display 
length of the 


system. 
The STATUS 
WORD 
is the same format 
as a valid 


control 
word 
with 
D7 and 
Ds deleted. 
The 
CURSOR 


ADDRESS 
specifies 
the location 
of the cursor 
within 
the 
display. 
The CURSOR 
ADDRESS 
of the leftmost 
display 
location 
is address 
00. In Expanded 
Left entry 
mode, 
a 
CURSOR 
ADDRESS 
of 63 13F1SI is used to indicate 
a non- 


active 
line. The system 
outputs 
the same number 
of ASCII 


data 
characters 
as the 
display 
length 
specified 
by the 
control 
word. 
The first 
ASCII 
data character 
is always 
the 
leftmost 
display 
character. 
The positive 
edge of the DATA 
VALID 
output 
can 
be used 
to load 
the 
DATA 
OUTPUT 


words 
into 
the user's 
system. 
The 
DATA 
OUT timing 
for 
the HDSP-87XX 
systems 
is summarized 
in Figure 
11. 


Luminous 
Intensity 
Modulation 


Pulse width 
modulation 
of display 
luminous 
intensity 
can 


be provided 
by connecting 
the 
REFRESH 
output 
of the 


system 
to the 
input 
of a monostable 
multivibrator. 
The 
output 
of the 
monostable 
multivibrator 
should 
then 
be 
connected 
to the BLANK 
input 
of the system. 
Modulation 


of display 
luminous 
intensity 
is then 
achieved 
by varying 


the 
delay 
of 
the 
monostable 
multivibrator 
with 
a 
potentiometer 
or photoresistor. 
REFRESH 
is repeated 
at a 


rate of 10ms divided 
by the configured 
display 
length. 
For 
example, 
an HDSP-8732 
system, 
when configured 
for a 32 
character 
display 
length, 
would 
pulse 
the 
REFRESH 
output 
every 312.5/,s. 
The circuit 
shown 
in Figure 
12 may 


be utilized 
to provide 
manual 
control 
of display 
luminous 


intensity. 
Automatic 
control 
may 
be 
achieved 
by 
substituting 
an 
appropriate 
value 
photoconductor 
for 


potentiometer 
R1. If luminous 
intensity 
modulation 
is not 


desired, 
BLANK 
should 
be left open. 


CHIP SELECT 


f--- 614 MIN 
---j I-- 2.5"'· 


·IF 
CHIP SELECT· 
0 AFTER 
THIS TIME, 
CONTROLLER 
WILL 
ENTER 
NEXT 


CHARACTER 
150""7.5"'d 
~;;:ij--1.7"' 
~ 
85", 


,~.,. 
-Y-TA-T-u-s-9-:-R-S-OR-L[-"~,i~~~-S-~-~-SC-I-1 
-l-I--R-,I-",~S: 
."" 


WOAD 
ADDRESS 
CHARACTER 
(1) 
CHARACTER 
(N) 
IAI 
IBI 


RAM 
ENTRY 


LEFT 
ENTRY 


RIGHT 
ENTRY 


BLOCK 
ENTRY 


DATA 
WORD 
FORMAT 
(1 - 
N) 


LOWEST 
6 BITS OF ASCII 
CODE 
WORD (1'- 
LEFTMOST 
DISPLAY 
CHARACTER 
WORD 
(Nl- 
RIGHTMOST 
DISPLAY 
CHARACTER 


HOSP 
N 


-8716 
16 
-8724 
24 


-8732 
32 


·8740 
40 


I· 
- - 


Microprocessor Interface 


Interfacing 
the 
HDSP-87XX 
Series 
Display 
System 
to 
microprocessor 
systems 
depends 
on 
the 
needs 
of the 
particular 
application. 
Figure 
13 shows 
a latched 
interface 
between 
the 
host 
microprocessor 
and 
the 
HDSP-87XX 
system. 
The 
latch 
provides 
temporary 
storage 
to avoid 
making 
the 
host 
microprocessor 
wait 
for 
the system 
to 
accept 
data. Data from 
the host microprocessor 
system 
is 
loaded 
into 
the 
74LS273 
octal 
register 
on 
the 
positive 
transition 
of the clock 
input 
(pin 
11). At the same time. the 
CHIP 
SELECT 
input 
is forced 
low. 
The 
CHIP 
SELECT 
input 
stays 
low 
until 
READY 
goes 
low. 
The 
host 
micro- 
processor 
should 
avoid loading 
new data into the 74LS273 
as long 
as BUSY 
is high. 
The 
latched 
interface 
can 
be 
implemented 
with 
an octal 
register 
and SR flip-flop 
if the 
HDSP-87XX 
system 
is operated 
in Left. 
Right. 
or Block 
entry. 
RAM 
entry 
requires 
an additional 
register 
for the 
RAM address 
inputs. 
Additional 
flexibility 
can be achieved 
by using 
a peripheral 
interface 
adapter 
(PIA) 
to interface 


the 
HDSP-87XX 
system 
to 
the 
host 
microprocessor 


system. 
The PIA provides 
a data entry 
handshake 
between 
the 
host 
microprocessor 
system 
and 
the 
HDSP-87XX 


system 
and allows 
the host microprocessor 
system 
to read 
the Data 
Output 
port 
of the HDSP-87XX 
system. 


C 
:: 
.033J.1F 


C : 
.022#F 


C 
:: 
.0151JF 


HDsp·8716 


HOSP·8724 
HoSP·8732!·8740 


Figure 12. 
External Circuitry 
to Vary the luminous Intensity of the 


HDSP-8716/-8724/-87321-8740 
Alphanumeric 
Display System. 
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014 
SUS 
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8 
40 
9 
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40 
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3D 
30 
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012 


0, 
4 
20 
20 
5 
8 


0'1 
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2 
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DO 
'0 
10 
010 
" 
14lS273 


·CS IS A LOGICAL 
COMBINATION 
OF HIGH 
ORDER 
ADDRESS 
BITS THAT 
DISTINGUISH 
THE ADDRESS 
OF THE HDsp·8716/-8724/-8732J.8740 
FROM THE 
REST OF THE 
MICROPROCESSOR 
SYSTEM. 
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~.2S4 


~51.05 


12.0101 
51 
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1.8401 


58.42d08 


12,30T·020 


148.59 
!:.254 


(5.850!:.010 


131.16 
!:.254 


15.400)!: 
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~OIA4PlC 
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HOSP-8116 
1,161.64 
HDSP·8724 
16.6001 


8 
HOSP·8132 'li:::1 


c 
HOSP·8140 
269.24 
110.6001 


148.59 !.254 
15.8501·.010 


131.16:d54 


(5.400)!.010 


TYPE OF 
SUGGESTED 
FUNCTION 
CONNECTOR 
MANUFACTURER 


CONTROl/DATA 
J4 PIN 
3M PIN 3414·XOOO SERIES 


ENTRY 
RIBBON 
CABLE 


POWERI1) 
3 PIN WITH 
MOlEX 
PIN 09·50-3031 
LOCKING 
RAMP 
WITH 08-50·0106 
TERMINALS 


PIN 
DESCRIPTION 


1 
RAM ADDRESS, 
Ao 


2 
EXPAND 


3 
RAM ADDRESS, 
AI 
• 
CHIPSElECT 


5 
RAM ADDRESS, 
A2 


6 
DATAIN,Do 


7 
RAM ADDRESS, 
A] 
(Ell) 


6 
DATA 
IN, 0, 
, 
RAM ADDRESS, 
~ 
(ERI) 


10 
DATA 
IN, 02 


11 
RAM ADDRESS, 
AS (LEFT) 


12 
DATA 
IN, OJ 


13 
ACTIVE 


" 


DATA 
tN, 04 


15 
RESET 


16 
DATA 
IN, Os 


17 
NO CONNECTION 


PIN 
DESCRIPTION 
16 
DATA 
IN, 06 


19 
NO CONNECTION 


20 
DATA 
IN, 07 


21 
NO CONNECTION 
22 
DATA 
OUT, 000 
23 
DATA 
OUT. 001 
2. 
DATA 
OUT, 002 
25 
DATA 
OUT, 00:1 
26 
DATA 
OUT, 00.. 
27 
DATA 
OUT, DOs 


28 
READY 


2' 
DATA 
VALID 
30 
400 kHz CLOCK 
OUT 


31 
REFRESH 
32 
NO CONNECTION 
33 
DISPLAY 
BLANK 


3' 
NO CONNECTION 


7.6 mm <'3 inch> 
MICRO BRIGHT 7 SEGMENT DISPLAYS 
F//n- HEWLETT 
~e.tI PACKARD 


• 
HIGH 
BRIGHTNESS 


Package 
Optimized 
for High Ambient 
Conditions 
• COMPACT 
PACKAGE 


0.300 x 0.500 
inches 


• 
CHOICE 
OF FOUR 
COLORS: 
Red, High 
Efficiency 
Red, Yellow, 


High 
Performance 
Green 


• 
EXCELLENT 
CHARACTER 
APPEARANCE: 


Evenly 
Lighted 
Segments 


Mitered 
Segments 
Wide Viewing 
Angle 
Grey 
Package 
Provides 
Optimum 
On-Off 
Contrast 


• 
EASY 
MOUNTING 
ON PC BOARDS 
OR SOCKETS 
5.08 mm (0.2 inch) 
DIP Leads on 2.54 mm 
(0.1 inch) 
Centers 


• 
AVAILABLE 
WITH 
COLON 
FOR CLOCK 
DISPLAY 


• 
COMMON 
ANODE 
OR COMMON 
CATHODE 
Right 
Hand 
Decimal 
Point 
Overflow 
± Character 


• 
CATEGORIZED 
FOR 
LUMINOUS 
INTENSITY; 


YELLOW 
AND 
GREEN 
ALSO 
CATEGORIZED 
FOR 
COLOR 
Use of Like Category 
Yields a Uniform 
Display 


RED 
HIGH EFFICIENCY RED 
YELLOW 
HIGH PERFORMANCE GREEN 


HDSP'7300 
HDSP-7500 
HDSP-7400 
HDSP'7800 
• 


" 
- - 


Description 


The 
HDSP-7300/-7500/-7400/-7800 
Series 
are 
7.6 
mm 


(0.3 
inch) 
character 
LED 
seven 
segment 
displays 
in a 


compact 
package. 
Designed 
for 
viewing 
distances 
up to 


3 
metres 
(10 
feel), 
these 
displays 
are 
ideal 
for 
high 
ambient 
applications 
where space is at a premium. 
Typical 


applications 
include 
instruments, 
aircraft 
and marine equip- 
ment, point-of-sale 
terminals, 
clocks, 
and appliances. 


Package 
Part Number 
Color 
Description 
Drawing 


HDSP-7301 
Red 
Common 
Anode Right Hand Decimal 
A 
HDSP-7311 
Bright Red 
Common 
Anode Right Hand Decimal 
A 
HDSP-7302 
Red 
Common 
Anode Right Hand DeCimal, Colon 
B 
HDSP-7303 
Red 
Common 
Cathode 
Right Hand Decimal 
C 
HDSP-7313 
Bright Red 
Common 
Cathode Right Hand Decimal 
C 


HDSP-7304 
Red 
Common 
Cathode Right Hand Decimal, Colon 
D 
HDSP-7307 
Red 
Overflow :':1 Common 
Anode 
E 
HDSP-7317 
Bright Red 
Overflow ±1 Common 
Anode 
E 
HDSP-7308 
Red 
Overflow ±1 Common 
Cathode 
F 
HDSP-7318 
Bright Red 
Overflow +1 Common 
Cathode 
F 
HDSP-7501 
HER 
Common 
Anode Right Hand Decimal 
A 
HDSP-7502 
Common 
Anode Right Hand Decimal, Colon 
B 
HDSP-7503 
Common 
Cathode Right Hand Decimal 
C 
HDSP-7504 
Common 
Cathode Right Hand Decimal, Colon 
D 


HDSP-7507 
Overflow 
±1 Common 
Anode 
E 
HDSP-7508 
Overflow ±1 Common 
Cathode 
F 
HDSP-7401 
Yellow 
Common 
Anode Right Hand Decimal 
A 
HDSP-7402 
Common 
Anode Right Hand Decimal, Colon 
B 
HDSP-7403 
Common 
Cathode Right Hand Decimal 
C 
HDSP-7404 
Common 
Cathode Right Hand Decimal. Colon 
D 
HDSP-7407 
Overflow:':1 
Common 
Anode 
E 


HDSP-7408 
Overflow ±1 Common 
Cathode 
F 
HDSP-7801 
Green 
Common 
Anode Right Hand Decimal 
A 
HDSP-7802 
Common 
Anode Right Hand Decimal, Colon 
B 
HDSP-7803 
Common 
Cathode Right Hand Decimal 
C 
HDSP-7804 
Common 
Cathode Right Hand Decimal, Colon 
D 
HDSP-7807 
Overflow ±1 Common 
Anode 
E 
HDSP·7808 
Overflow ±1 Common 
Cathode 
F 


,.9 


(.010'J' 
, 
1.27 
1'-- 1.0501 


5.,~~,I---- 
(.2001 


Notes: 
1. All dimensions in millimetres (inches!. 
2. Maximum. 
3. All untoleranced dimensions are for 


reference only. 
4. Redundant anodes. 
5. Redundant cathodes. 
6. For HDSP-7400/-7800 series product only. 


COLOR 
BIN 


(NOTE 
61 


LUMINOUS 
INTENSITY 
CATEGORY 


1.27 
(.050)1 
----I- 


- --r 
.508 


r 
i(.020) 
----...i 
TYP. 


_-.J 
t 


~,--8L 
;t 


1.27 
(.050) 


5.08 
(.200' 


o 


ANODE 
COLON 
ANODE 
f 
ANODE. 
ANODE e 
ANODE 
d 
CATHODE 
ANOOE 
DP 
ANODE 
c 
ANODE 
b 
ANODe 
II 


E 


ANODE!4l 
CATHODE 
PLUS 
CATHODE 
MINUS 
~g 
I 


ANODE 
141 
I 


CATHODE 
DP 
CATHODE 
c 


CATHODE 
!> 


NC 


F 


CATHODE 
IS) 


ANODE 
PLUS 


ANODE 
MINUS 


NC 
NC 
CATHDDElSl 
ANODE 
DP 
ANODE 
c 


ANODE 
b 
NC 


HDSP-73001 
HDSP-7500 
HDSP·7400 
HDSP-7800 
-7310 Series 
Series 
Series 
Series 


Average Power Dissipation 
per Segment or D.P. 
73mW 
105 mW 
81 mW 
105 mW 


Operating Temperature 
Range 
-40'C 
to +85'C 
Storage Temperature 
Range 
-40'C 
to +85'C 


Peak Forward Current per Segment or D.P.I?I 
150mA 
90mA 
60mA 
90mA 
DC Forward Current per Segment or D.P.'s: 
25 mA 
30mA 
20mA 
30mA 
Reverse Voltage per Segment or D.P. 
3V 
3V 
3V 
3V 
Lead Soldering Temperature 
1.59 mm (1/16 inch) below seating plane 
260· C for 3 sec. 


7. See Figures 1, 6, 7, and 8 to establish 
pulsed operating 
conditions. 
(Figure 1, HDSP-7300 Series; Figure 6, HDSP-7500 Series; 


Figure 7, HDSP-7400 Series; Figure 8, HDSP-7800 Series) 


8. See Figures 2, 9, 10, and 11 to derate maximum DC current. (Figure 2, HDSP-7300 Series; Figure 9, HDSP-7500 Series; Figure 10, 


HDSP-7400 Series; Figure 11, HDSP-7800 Seriesl 


Electrical/Optical Characteristics at TA 


STANDARD RED HDSP-7300 SERIES 
~ 
Device 


Description 
HDSP- 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment 
9 
7300 
Iv 
10 mA DC 
450 


(Digit Average) 
20 mA DC 
450 
1000 


7310 
10 mA DC 
610 
SLcd 


20mADC 
610 
1355 


Peak Wavelength 
APEAK 
655 
nm 


Dominant Wavelengthl10j 
Ad 
640 
nm 


Forward Voltage. any Segment or D.P. 
VF 
IF=20mA 
1.6 
2.0 
V 


Reverse Voltage, any Segment or D.P. 12 
VR 
IR=1oop.A 
3.0 
12.0 
V 


Temperature Coefficient of Forward Voltage 
J.VF/"C 
-2.0 
mVl"C 


Thermal Resistance LED Junction-to-Pin 
ROJ-PIN 
200 
'C/W/ 


Seg • 


• 
- - 


Description 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment9J 
Iv 
5mA D.C. 
275 
660 


(Digit Average) 
20mAD.C. 
3630 
p.cd 


60 mA Pk: 1 of 6 
2120 
Duty Factor 


Peak Wavelength 
APEAK 
635 
nm 


Dominant Wavelength.1O 
Ad 
626 
nm 


Forward Voltage/Segment 
or D.P. 
VF 
IF =5 mA 
1.7 


IF=20mA 
2.0 
2.5 
V 


IF =60 mA 
2.8 


Reverse Voltage/Segment 
or D.P. 12 
VR 
IR = 100 p.A 
3.0 
30.0 
V 


Temperature 
Coefficient 
of VF/Segment or D.P. 
tNF/oC 
-2.0 
mV/"C 


Thermal Resistance LED Junction-to-Pin 
ROJ-P1N 
200 
'C/W/ 
Seg 


Description 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment 
9. 
Iv 
5mA D.C. 
225 
480 
(Digit Average) 
20 mA D.C. 
2740 
licd 


60 mA Pk: 1 of 6 
1700 


Duty Factor 


Peak Wavelength 
APEAK 
583 
nm 


Dominant Wavelengthl10.11I 
Ad 
581.5 
586 
592.5 
nm 


Forward Voltage/Segment 
or D.P. 
VF 
IF =5 mA 
1.8 


IF=20mA 
2.2 
2.5 
V 


'F =60 mA 
3.1 


Reverse Voltage/Segment 
or D.P. 12 
VR 
IR=100p.A 
3.0 
50.0 
V 


Temperature 
Coefficient 
of VF/Segment or D.P. 
J.VF/oC 
-2.0 
mVl'C 


Thermal Resistance LED Junction-te-Pin 
R8J-PIN 
200 
'C/W/ 


Seg 


9. The digits are categorized for luminous intensity with the intensity category designated by a letter on the right hand side of the 
package. The luminous intensity minimum and categories are determined by computing the numerical average of the individual 
segment intensities, decimal point not included. 


10. The dominant wavelength is derived from the C.I.E. Chromaticity diagram and IS that single wavelength which defines the color of 
the device. 


11. The HDSp·7400/·7800 series are categorized as to dominant waveiength with the category designated by a number adjacent to the 


intensity category ietter. 


12. 
Typical specification 
for reference only. Do not exceed absolute maximum ratings. 


HIGH 
PERFORMANCE 
GREEN 
HDSP-7800 
SERIES 


Description 
Symbol 
Test Conditions 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segmentl9j 
Iv 
5mAD.C. 
480 
(Digit Average) 
10mA D.C. 
570 
1300 
}.Lcd 


60 mA Pk: 1 of 6 
1700 
Duty Factor 


Peak Wavelength 
APEAK 
566 
nm 


Dominant Wavelength(10. 11) (Digit Average) 
Ad 
571 
577 
nm 


Forward Voltage/Segment 
or D.P. 
VF 
IF = 10 mA 
2.1 
2.5 
V 


Reverse Voltage/Segment 
or D.P..12J 
VR 
IR= loo}.LA 
3.0 
50.0 
V 


Thermal Resistance LED Junction-to-Pin 
R8J_P1N 
200 
·CIW/ 


Seg 


HDSP-7300 
SERIES 
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Figure 3. Relative Efficiency (luminous 
Intensity per Unit Current) vs. 
Peak Current per Segment 


"~ 
160 
•... 
~ 
140 
"~ 
~ 
•...~ 
a; 
a; 
::>u 
a 
a; 
"s: 
a;~ 
I 


! 
i1- 
~ 
t t 


100 
! 
+- .•..-' 
~. 
:c-r~·~t 1~-- 
:-1i-L : 1 :- 


o 
.4 
.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 


Figure 4. Forward Current vs. Forward 
Voltage 
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Figure 2. Maximum Allowable DC Current 


Dissipation per Segment as a 
Function of Ambient Temperature 


1.' 


1 
I 
I 
I 


>- 
•... " 
1.2 
t 
· 
. 


in 
E 
~~ 
1.0 t- 
! 
•...•... 
"" 
"'''' 
::>~ 
.8 
1 · . 
I 
00 
z •... 
:'0 
.6 
4 
::>w 
~N 


4 


w:; 
>" 
.. 
+ 
-" 
5~ 
• 
wZ 
.2 
- 
....,.. 


a;- 


0 
0 
5 
10 
15 
20 
25 


IF - 
SEGMENT 
DC CURRENT 
- 
mA 


Figure 5. Relative Luminous Intensity vs. 


DC Forward Current 
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Figure 6. Maximum 
Tolerable 
Peak Current 
vs. Pulse Durallon 
- 
HDSP-7500 
Series 
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Figure 7. Maximum 
Tolerable 
Peak Current 
vs. Pulse Duration 
- 
HDSP-7400 
Series 
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Figure 9. Maximum 
Allowable 
DC Current and DC 


Power Dissipation 
per Segment as a 
Function 
01 Ambient 
Temperature 
- 
HDSP-7500 Series 
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Figure 10. 
Maximum 
Allowable 
DC Current and DC 


Power Dissipation 
per Segment as a 


Function 
of Ambient 
Temperature 
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HDSP-7800 Series 
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Figure 11. 
Maximum 
Allowable 
DC Current per 


Segmentv5. Ambient 
Temperature- 


HDSP-7400 Series 
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Figure 12. Relative Luminous Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Segment 
Current 


The 
HDSP-7300/-7400/-7500/-7800 
series 
of display 
devi- 
ces 
are composed 
of 
light 
emitting 
diodes, 
with 
the 
light 
from 
each 
LED 
optically 
stretched 
to form 
individual 
seg- 
ments 
and 
decimal 
points. 
The 
-7300 
series 
uses 
a p-n 


junction 
diffused 
into 
a GaAsP 
epitaxial 
layer 
on 
a GaAs 
substrate. 
The 
-7400 
and-7500 
series 
have 
their 
p-n 
junc- 
tions 
diffused 
into 
a 
GaAsP 
epitaxial 
layer 
on 
a 
GaP 
substrate. 
The 
-7800 
series 
use 
a GaP 
epitaxial 
layer 
on 


GaP. 


These 
display 
devices 
are 
well 
suited 
for 
strobed 
opera- 
tion. 
The 
typical 
forward 
voltage 
values, 
scaled 
from 
Figure 
4 or 13, should 
be used 
for 
calculating 
the 
current 
limiting 
resistor 
value 
and 
typical 
power 
dissipation. 
Expected 
maximum 
VF values, 
for 
the 
purpose 
of 
driver 
circuit 
design 
and 
maximum 
power 
dissipation, 
may 
be 
calculated 
using 
the following 
VF MAX 
models: 


HDSP-7300 
Series: 
VF MAX = 1.85 V + IpEAK (70) 
For: IpEAK 2: 5 mA 


HDSP-7400/-7500 
Series: 


VF MAX = 1.75 V + IPEAK (38m 


For: 
IPEAK 2: 20 mA 
VF MAX = 1.6 V + IDe (45m 
For: 5 mA $ IDe $ 20 mA 


HDSP-7800 
Series: 
VF MAX = 2.0 V + IPEAK (50m 


For: IPEAK 2: 5 mA 


The 
objective 
of contrast 
enhancement 
is to provide 
good 
display 
readability 
in the 
end 
use ambient 
light. 
The 
con- 


cept 
is 
to 
employ 
both 
luminance 
and 
chrominance 
contrast 
techniques 
to enhance 
readability 
by 
having 
the 
OFF-segments 
blend 
into 
the display 
background 
and 
the 
ON-segments 
stand 
out 
vividly 
against 
this 
same 
back- 
ground. 
Therefore, 
these 
display 
devices 
are 
assembled 
with 
a gray 
package 
and 
matching 
encapsulating 
epoxy 
in 
the segments. 


Contrast 
enhancement 
may 
be achieved 
by using 
one 
of 
the following 
suggested 
filters: 


HDSP-7300: 
Panelgraphic 
RUBY 
RED 60 
SGL 
Homalite 
H100-1605 
RED 


3M Louvered 
Filter 
R6610 
RED or N0210 
GRAY 


HDSP-7400: 
Panelgraphic 
YELLOW 
27 or GRAY 
10 
SGL 
Homalite 
H10Q-1720 
AMBER 
or -1266 
GRAY 


3M Louvered 
Filter 
A5910 
AMBER 
or N0210 
GRAY 


HDSP-7500: 
Panelgraphic 
SCARLET 
RED 65 or GRAY 
10 


SGL 
Homalite 
H100-1670 
RED or -1266 
GRAY 


3M Louvered 
Filter 
R6310 
RED or N0210 
GRAY 


HDSP-7800: 
Panelgraphic 
GREEN 
48 


SGL 
Homalite 
H100-1440 
GREEN 
3M Louvered 
Filter 
G5610 
GREEN 
or N0210 
GRAY 


To 
optimize 
device 
optical 
performance, 
specially 
de- 
veloped 
plastics 
are 
used 
which 
restrict 
the 
solvents 
that 
may 
be used 
for 
cleaning. 
It is recommended 
that 
only 


mixtures 
of 
Freon 
(Fl13) 
and 
alcohol 
be 
used 
for 
vapor 
cleaning 
processes. 
with 
an immersion 
time 
in the 
vapors 


of 
less 
than 
two 
(2) minutes 
maximum. 
Some 
suggested 
vapor 
cleaning 
solvents 
are Freon 
TE, Genesolve 
01-15 
or 
DE-15, 
Arklone 
A 
or 
K. 
A 60°C 
(140°FI 
water 
cleaning 


process 
may 
also 
be 
used, 
which 
includes 
a neutralizer 
rinse 
(3% 
ammonia 
solution 
or 
equivalent), 
a surfactant 
rinse 
(1% detergent 
solution 
or 
equivalent), 
a hot 
water 
rinse 
and 
a thorough 
air dry. 
Room 
temperature 
cleaning 
may 
be accomplished 
with 
Freon 
T-E35 
or T-P35, 
Ethanol, 


Isopropanol 
or water 
with 
a mild 
detergent. 


Such 
cleaning 
agents 
from 
the 
ketone 
family 
(acetone, 


methyl 
ethyl 
ketone, 
etcJ 
and 
from 
the 
chlorinated 
hydro- 
carbon 
family 
(methylene 
chloride, 
trichloroethylene, 


carbon 
tetrachloride, 
etcJ 
are not recommended 
for clean- 


ing 
LED 
parts. 
All 
of 
these 
various 
solvents 
attack 
or 
dissolve 
the encapsulating 
epoxies 
used 
to form 
the 
pack- 
ages of plastic 
LED devices. 


F/iD'l HEWLETT 
~~ 
PACKARD 


7.6/10.9mm (0.3/0.43 INCH) ~~:~~~~l~ 
SERIES 
RED 
SEVEN SEGMENT DISPLAYS 
5082 -1750 SERIES 
5082-1760 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Continuous 
Uniform 
Segments 
Wide Viewing 
Angle 
High 
Contrast 


• 
IC COMPATIBLE 
1.6V dc per Segment 


• 
STANDARD 
0.3" DIP LEAD 
CONFIGURATION 
PC Board 
or Standard 
Socket 
Mountable 


• 
CATEGORIZED 
FOR 
LUMINOUS 
INTENSITY 
Assures 
Uniformity 
of Light Output 
from 
Unit to Unit within 
a Single 
Category 


• 
MECHANICALLY 
RUGGED 
• 


Description 


The 5082-7730/7740 series and 5082-7750/7760 series 
displays are 7.62/10.92 mm (0.3/0.43 in) high red LED 
displays. The 7730/7740 series devices are designed for 
viewing distances of up to three meters and the 7750/7760 
series devices are designed for viewing distances of up to 
six 
meters. These 
displays 
are designed 
for 
use in 


instruments, point of saleterminals, clocks and appliances, 
These devices use LED die made with GaAsP on a GaAs 
substrate. 


Part No. 
Description 
Package Drawing 
5082· 


7730 
7.6 mm Common Anode Left Hand Decimal 
A 


7731 
7.6 mm Common Anode Right Hand Decimal 
B 


7736 
7.6 mm Universal Overflow ±1 Right Hand Decimal 
C 


7740 
7.6 mm Common Cathode Right Hand Decimal 
D 


7750 
10.9 mm Common Anode Left Hand Decimal 
E 


7751 
10.9 mm Common Anode Right Hand Decimal 
F 


7756 
10.9 mm Universal Overflow ±1 Right Hand Decimal 
G 


7760 
10.9 mm Common Cathode Right Hand Decimal 
H 


LUMINOUS 
INTENSITY 
CATEGORY 
~E 


·2541.0101 


---j 
1.52 
~ 


~.:21.04~ll 


15.24 
1.6001 
~11OOlL1 
=rT 


0.51 
1.0201 


1 + 


4 :.'o;~ 
11 1014301 


:Dc::kD,: 
~o 


d 
~8Note4 


/--'2.701.50011 
I 
MAX. 
~ 


~ 


5.33 
6.35 
U 
1.2101 
1.2501 


4.061.1601 
1-'- 


MIN. 
I 
II 
~i~025 
I 
I 
(.0101 


7.62 
I 
I 
1.3001~ 


NOTES, 


1. Dimensions in millimeters and (inchesl. 
2. All untoleranced dimensions are 


for reference only 
3. 
Redundant aoodes. 


A 


-7730 


CATHODE·. 


CATHODe·! 


ANODeI3] 


NO PIN 


: NOPtN 


CATHODE-dp 


f CATHooe 
•• 


I CATHOOe-d 


NOCDNNJ5] 


1 CATHOOE·c 


CATHOoe 
•• 


NOPIN 


I 


CATHooe·b 


ANOOE(31 


LUMINOUS 
INTENSITY 
CATEGORY 


F,H 


FRONT 
VIEW 


.f.IlI'lCTIO~ 
C 


-7731 
·7736 


CATHODe.. 
ANODe-d 


I CATHooe.! 
NO PIN 


ANOOe(31 
CATHooe-d 


NO PIN 
CA THooe·, 


NO PIN 
CATHODe •• 


NO CONN.l5J 
ANODe 
..• 


CATHODe.. 
ANODe·, 


CATHODe-d 
ANODe-dp 


CATHOOE-dp 
NO PIN 


CATHODe.. 
CATHDOE-dp 


CATHODE.. 
CATHODE·b 


NO PIN 
CAmODe 
•• 


I,CATHooe.. 
ANooe 
•• 


ANODEI3! 
ANODE.., 


D 


·7740 


.NOPIN 


ICATHooe 
161 


ANOOE-! 


,ANOOE ••• 


.ANoDe 
••• 


ANODE ••• 


,NO PIN 


NOP!N 


CATHooe 
'61 


ANODE-dp 
ANOOE-e 


ANODE-b 
ANOOE~a 


NO PIN 


10.16 
MAXI 
1.4001 
. 


R~ 
L 
{.lBOI 


4.061.1601 
f 


MIN. 
~ 
, 
--1 


1 


'1-- 0.251.0101 


7.62 1.300l-j---.: 


FUNCTION 


e 
F 
G 
H 
PIN 
7750 
·7751 
7756 
·776i> 


1 
CATHODE·. 
CATf100E·a 
CATHOOE·d 
ANODe,a 


2 
CATHODE-f 
CATHOOE-f 
ANOOE·d 
ANOOE-f 


3 
ANODE!3: 
ANODEI31 
NOPtN 
CATHODE 
6, 


4 
NOP1N 
NO PIN 
CATHOOEoc 
NO PIN 


5 
NOPtN 
NQPIN 
CATHODE·1t 
NQPIN 


6 
CATHOOE·dp 
NOCONN.iSi 
ANODE-e 
NO CONN_ 
~I 


7 
CATHODE-il 
CATHOOe·e 
ANODE·!: 
ANOOE·. 
a 
CATHODE·d 
CATHODE-<I 
ANOOE·dp 
ANOOE~ 


9 
NOCONN.iSI 
CATHOOE-dp 
CATHODE-dp 
ANOOE·dp 


10 
CATHODE·I;: 
CATHODE·c 
CATHOOE·b 
ANOOE·c- 


11 
CATHOOE·g 
CATHODE; 
CATHOOE'a 
ANOOE-g 


12 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


13 
CATHOOE·b 
CATHODE·b 
ANOOEa 
ANOOE-b 


1. 
ANODE!!1 
ANODE!3i 
ANODE·b 
CATHODE'6' 


LUMINOUS 
INTENSITY 
CATEGORY 


4. 
Unused dp position. 


5. 
See InterMI 
Circuit Diagram. 


6. 
Redundant cathode. 


7. 
See part number table for L.H.D.P. 
and A.H.D.P. 
designation. 


Average Power Dissipation Per Segment or D.P.'" (TA=50°C) 
65mW 
Operating Temperature Range 
-40° C to +85° C 


Storage Temperature Range 
-400C to +85°C 
Peak Forward Current Per Segment or D.P.'3 (TA=50°C) 
150mA 


Average Forward Current Per Segment or D.P. ".21 
(TA=50°C). . 
25mA 
Reverse Voltage Per Segment or D.P. 
. . . . . . . . . . . . . . . . . . . . . . 
. .. 3.0V 
Lead Soldering Temperature 
260° C for 3 Sec 
[1.59mm (1/16 inch) below seating plane (4) 1 


Electrical/Optical 
Characteristics at TA=25°C 


• 


• 
- - 


Notes: 
1. See power 
derating 
curve 


(Fig.21. 
2. Derate 
DC current 
from 


50°C 
at 
0.43mAfOC 
per 
segment. 


3. See Fig. 1 to 
establish 
pulsed 


operating 
conditions. 
4. Clean only in 


water, 
isopropanol, 
ethanol, 
Freon 


TF or TE (or equivalent) 
and Gene- 


501'0'01-15 or OE-15 
(or equivalent), 


Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous intensity/Segment 
m 


IpEAK = 100mA 
Iv 
10% Duty Cycle 
610 
!'cd 


(Digit Average) 
IF = 20mA 
240 
700 


Peak Wavelength 
AprAK 
655 
nm 


Dominant Wavelength m 
Ad 
640 
nm 


Forward Voltage, any Segment or D.P.'c, 
VF 
IF = 20mA 
1.6 
2.0 
V 


ReverseVoltage, any Segment or D.P.'" ,'I 
VR 
i. = 1oo!'A 
3.0 
20.0 
V 


Rise and Fall Time (3) 
tr,tf 
10 
ns 


Temperature Coefficient 
of Forward Voltage 
{WFrC 
-2.0 
mVl"C 


Thermal Resistance LED Junction-to-Pin 
R8J-PIN 
282 
°CIW/ 


Seg 


Notes: 
1. 
The digits 
are categorized 
for luminous 
intensity 
with the intensity 
category 
designated 
by a letter located 
on the right hand side of the package. 


2. 
The dominant 
wavelength, 
Ad. is derived 
from the CIE Chromaticity 
Diagram 
and is that single wavelength 
which 
defines 
the color of the device. 


3. 
Time for a 10% - 90% change 
of light intensity 
for step change 
in current. 


4. 
Quality 
level for electrical 
characteristics 
is 1000 parts per million. 


5. 
Typical 
specification 
for reference 
only. Do not exceed absolute 
maximum 
ratings. 


Figure 3. 
Relative 
Efficiency 
(Luminous 


Intensity 
per Unit 
Current) 
versus 


Peak Current 
per Segment. 


OPERATION 
IN 
THIS 
REGION 


REOUIRES 
TEMPERATURE 
DERATING 
OF 


'oCM"'X. 


Figure 2. 
Maximum 
Allowable 
DC Current 


Dissipation 
per Segment as a Function 


of Ambient 
Temperature. 


'GO., ,.. 
, 
z~'" 
~ 
z 
'00 
i 


80 


c~~~ 


.> ,, 


Figure 4. 
Forward 
Current 
vs. 


Forward Voltage. 


Figure 5. 
Relative 
Luminous 
IntensIty 
vs. 


DC Forward 
Current 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application 
Note 1005. 


ELECTRICAL 5082-77XX 
The 5082-77XX series of display devices are composed 
of 
eight 
light 
emitting 
diodes, 
with 
the 
light 
from 
each LED optically stretched to form individual segments 
and a decimal point. The LEOs have the P-N junction 
diffused into a GaAsP epitaxial layer on aGaAs substrate. 


These display devices are designed for strobed operation 
at high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the 
current 
limiting 
resistor 
values 
and 
typical 
power 
dissipation. Expected maximum VFvalues for the purpose 


of driver circuit 
design may be calculated 
using the 


following VF model: 


VF = 1.55V + IPEAK 
(70) 


For 5mA ::; IPEAK 
::; 150mA 


CONTRAST ENHANCEMENT 
The 5082-77XX series display may be effectively filtered 
using 
one of the following 
filter 
products: 
Homalite 


H100-1605: H 100-1804 (purple); Panelgraphic Ruby Red 
60: Dark Red 63: Purple 90; Plexiglas 2423;3M Brand Light 
Control Film for daylight viewing. 


Flio- HEWLETT 
~~ 
PACKARD 


7.6/10.9 mm (0.3/0.43 INCH) 
SEVEN SEGMENT DISPLAYS 


HIGH EFFICIENCYRED. 
5082-7610/-7650 
SERIES 


YEllOW. 
5082-7620/-7660 
SERIES 


HIGH PERFORMANCEGREEN. 
HDSP-3600/-4600 
SERIES 


Features 


• 
COMPACT 
SIZE 


• 
CHOICE 
OF 3 BRIGHT 
COLORS 
High 
Efficiency 
Red 
Yellow 
High Performance 
Green 


• 
LOW 
CURRENT 
OPERATION 
As Low as 3mA per Segment 
Designed 
for Multiplex 
Operation 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Evenly 
Lighted 
Segments 
Wide 
Viewing 
Angle 
Body 
Color 
Improves 
"Off" 
Segment 
Contrast 


• 
EASY 
MOUNTING 
ON PC BOARD 
OR 
SOCKETS 
Industry Standard 
7.62mm 
(0.3 in.) DIP 


Leads on 2.54mm 
(0.1 in.) Centers 


• 
CATEGORIZED 
FOR 
LUMINOUS 
INTENSITY; 
YELLOW 
CATEGORIZED 
FOR 
COLOR 


Use of Like Categories 
Yields 
a 
Uniform 
Display 


• 
IC COMPATIBLE 


• 
MECHANICALLY 
RUGGED 


The 
-7610/-7620/-3600 
and 
-7650/-7660/-4600 
series 
are 
7.62/1092 
mm (0.3/0.43 
in.l high 
efficiency 
red, yellow, 
and green 


displays. 
The -7610/-7620/-3600 
series 
displays 
are designed 
for 
viewing 
distances 
of 
up 
to 
three 
metres 
and 
the 
-7650/-7660 
-4600 
series 
displays 
are designed 
for viewing 
distances 
of up to 


six 
metres. 
These 
displays 
are designed 
for 
use in instruments, 


point 
of sale terminals, 
clocks 
and appliances. 


Package 
Part Number 
Color 
Description 
Drawing 


5082-7610 
High Efftciency 
Red 
7.6 mm Common 
Anode Left Hand DecImal 
A 
5082-7611 
7.6 mm Common 
Anode RIght Hand Decimal 
B 


5082-7613 
7.6 mm Common 
Cathode Right Hand Decimal 
C 


5082-7616 
7.6 mm Universal Overflow ±1 Right Hand Decimal 
D 


5082·7620 
Yellow 
7.6 mm Common 
Anode Left Hand Decimal 
A 


5082·7621 
7.6 mm Common 
Anode Right Hand Decimal 
B 


5082·7623 
7.6 mm Common 
Cathode Right Hand Decimal 
C 


5082-7626 
7.6 mm Universal Overflow ±1 Right Hand Decimal 
D 


HDSp·3600 
High Performance 
Green 
7.6 mm Common 
Anode Left Hand Decimal 
A 
HDSP-3601 
7.6 mm Common 
Anode Right Hand Decimal 
B 
HDSP-3603 
7.6 mm Common 
Cathode Right Hand Decimal 
C 
HDSP-360e 
7.6 mm Universal Overflow ±1 Right Hand Decimal 
D 


• 


" 
- - 


Packllge 
Part Number 
Color 
Description 
Drawing 


5082-7650 
High Efliciency 
Red 
10.9 mm Common 
Anode Left Hand Decimal 
E 
5082-7651 
10.9 mm Common 
Anode Right Hand Decimal 
F 
5082-7653 
10.9 mm Common 
Cathode Right Hand Decimal 
G 
5082-7656 
10.9 mm Universal Overflow:!:1 
Right Hand DeCImal 
H 


5082-7660 
Yellow 
10.9 mm Common 
Anode Left Hand Decimal 
E 
5082-7661 
10.9 mm Common 
Anode Right Hand Decimal 
F 
5082-7663 
10.9 mm Common 
Cathode Right Hand Decimal 
G 
5082-7666 
10.9 mm Universal Overflow ±1 Right Hand Decimat 
H 


HDSP-3600 
High Performance 
Green 
10.9 mm Common 
Anode Left Hand Decimal 
E 
HDSP-3601 
10.9 mm Common 
Anode Right Hand Decimal 
F 
HDSP-3603 
10.9 mm Common 
Cathode Right Hand Decimal 
G 
HDSP-3606 
10.9 mrn Universal Overflow ±1 RIght Hand Decimal 
H 


-7610/-7650 
Series 
-7620/-7660 


Series 


81 mWl21 


-400 
C to +850 C 


-400 
C to +850 C 
60 mAl 51 
20 mA 
21 


3.0 V 
2600 C for 3 sec. 


Average 
Power 
Dissipation 
per Segment 
or DP 
Operating 
Temperature 
Range 
Storage 
Temperature 
Range 


Peak 
Forward 
Current 
per Segment 
or DP 
DC Forward 
Current 
per Segment 
or DP 
Reverse 
Voltage 
per Segment 
or DP 
Lead 
Soldering 
Temperature 
1.59 mm (1/16 
in.! below 
seating 
plane 


1.59 mm (1/16 
inch) 
below 
seating 
plane 
Notes: 
1. See power derating 
curve (Figure 41. 


2. 
See power derating 
curve (Figure 5l. 


3. 
See power derating 
curve (Figure 61. 


105 mW11 


-400 
C to +850 C 


-400 
C to +850 C 
90 mAI41 
30 mAil! 


3.0 V 
2600 C for 3 sec. 


4. 
See Figure 1 to establish 
pulsed operating 
conditions. 
5. 
See Figure 2 to establish 
pulsed operating 
conditions. 


6. 
See Figure 3 to establish 
pulsed operating 
conditions. 


-3600/-4600 


Series 


105 mWI31 


-400 
C to +850 C 


-400 
C to +850 C 
90 mAI61 
30 mAI31 


3.0 V 


2600 C for 3 sec. 


-r A 
-,---Eu:CTlOl!- 
C 


P,N L -76101-76201 j 
'1611/'762jl 
-16131-76231 
t 
-3600 -L ~601 
~_ 


1 
CATHOOE.... 
CATHODE-a 
NO PIN 


2 
CATHODE·' 
CATHODE·f 
CATHOOe{121 


3 
ANODEI9) 
ANOOe{91 
ANODE~f 


4 I NOPIN 
NOPIN 
IANODE-g 
5 
NOPIN 
NOPIN 
ANODE..• 


6 
CATHOOE-dp 
NO CONN.f1H 
ANOOE--d 


7 
CATHODE... 
CATHODe... 
NO PIN 


8 
CATHOOE<l 
CATHODE<l INOPIN 
9 
NOCONN.f1l'.1 CATHODE<lp CATHODEI12) 


10 
CATHOOE·c 
CATHODE,cANODE-dP 
11 
CATHOOE1I 
CATHOOE-g 
ANODE-c 
12 
NO PIN 
NO PIN 
ANOOE-b 


13 
CATHODE·b 
CATHQOE-b 
ANOOE"'6 
. ANODE'91 
ANODE191 
NOP'N 


D 
.76161-76261 
-3606 
ANODE<l 


NO PIN 


CATHQDE-d 


CATHODE-c 


CATHOOE 
..• 


ANOOE·e 


ANQDE-c 


ANODE-dp 
NO PIN 


CATHOOE4p 
CATHODE·b 


CATHOOE·a 


ANOOE--a 
ANODE·b 


-1 


1 ~ 


2 


+ 
3 


162 
19.05 
• 0.25 
4 
13001 
(.750 
.. 010) 


5 


R.H.D.P. 
T 


6 ~ 


Note 
13 


1 


5.72 
(.2251 


1 


'0. 


16 


MAXI 
1.4001 
. 


R 


-± 
L 
1.'801 


4.061.1601 
--t- 


MIN. 
-,-- 
, 
--1'1'-- 0.261.0101 


1.62 
1.300) +-1 


LUMINOUS 
INTENSITY 
CATEGORY 
lUMINOUS 
INTENSITY 
CATEGORY 


I 


19.05!. 
0.25 


(.750 
± .010) 
~j 


~~~ 
2.54 
0.51 


I 


G.1D 
(.100l 
(.020) 


- 
(.240) 


~. 


2 
• 


1 
+ 
+ 
14 
: fU.~o;:~ 1 
+'09='0. .•.'1 
10.92 (.4301 
+ 
+ 
10 1 


T" c::P 
C+ 
9 


d 
~ 
8 
Note 
10 


8 
318 t.12S) 
-, 


A.H.D.P. 


F,G 


FRONT 
VIEW 


1--'2.70 (,60011 
I 
MAX. 
-.--Ll 


~ 


5.33 
6.36 
U 
1.2101 1.2501 


4.061.1601 
1-' 
MIN. 
I 
II 
~il-O.25 
, 
I 
(.0101 


7.62 
I 
I 


(.3001~ 


lUMINOUS 
INTENSITY 
CATEGORY 


FUNCTION 
l--- -E-- 
F 
I 
G- --r --H-- 


PIN 
-16601-7660/ 
-7661/-7661/ 
1-1.663/-76631 
.-7666/-76661 


-4600 
-4601 
~ 
-4603 
-4606 
~ ~:~:~:.: ~;::::: 
I::~~::~ ~::~~E4 


3 
ANODEf9J 
ANOOEt9J 
CATHODEf10lj 
NO PIN 


•• 
NO PIN 
NO PIN 
NO PIN 
CATHODE·c 


5 
NO PIN 
I NO PIN 
'NOPIN 
ICATHOoe-e 


6 
CATHODE-dp 
NOCONN.l111j 


NO CONN.llll 
ANODE. 


7 
CATHODE-e 
CATHODE-e 
ANODE. 
I ANOOE-c 


8 
CATHODE·d 
CATHOOE-d 
ANODE·d 
ANOOE-dp 


9 
NO CONN.!11)i 
CATHOOE-dp 
ANODE..<fp 
CATHODE·dp 


10 
CATHODE.c I(:ATHODE-c 
...ANOOe·c 
I CATHODE-b 


11 
CATHOOElI 
CATHODE·g I ANODE-g 
CATHODE-. 


12 
NO PIN 
NO PIN 
NO PIN 
NO PIN 


~~ 
:~~OE~~'b 
~~~~~~.b 
I ~:~~~~EI10J 
::::: 


NOTES: 


7. Dimensions 
in millimetres 
and 
(inches). 


8. All untoleranced 
dimensions 
are 
for reference 
only. 


9. Redundant 
anodes. 
10. Unused 
dp position. 
11. See 
Internal 
Circuit 
Diagram. 


12. Redundant 
cathode. 


13. See part 
number 
table 
for 
l.H.D.P. 
and 
R.H.D.P. 
designation. 
14. 
For yellow 
and 
green 
devices 
only. 


I· 
- - 


Electrical/Optical 
Characteristics 
at TA=25°C 


HIGH 
EFFICIENCY 
RED 5082-7610/-7611/-7613/-7616/-7650/-7651/-7653/-7656 


Parameter 
Symbol 
Test CondItIon 
Min. 
Typ. 
Max. 
UnIts 


Luminous 
Intensity/Segment[l5j 
5mA D.C. 
200 
550 
p.cd 
I, 
20mA D.C. 
3025 
/.Icd 
(Digit Average) 
60mA Pk: 1 of 6 
1765 
p.ed 
Dutv Factor 


Peak Wavelength 
APEAK 
635 
nm 


Dominant Wavelength{J6j 
Ad 
626 
nm 
Forward Voltage/Segment 
or D.P.[lg] 
VF 
'F =5mA 
1.7 


'F= 20mA 
2.0 
2.5 
V 


'F =60mA 
2.8 
Reverse Voltage/Segment 
or D.P.£18.19] 
Va 
1&= 1oo,..A 
3.0 
30.0 
V 


Temperature 
Coefficient 
of VF/Segment or D.P. 
a.VdoC 
-2.0 
mVI"C 


Thermal 
Resistance 
LED Junction-to-Pin 
R8J-PIN 
282 
·C/wf 


Seg 


YELLOW 
5082-7620/-7621/-7623/-7626/-7660/-7661/-7663/-7666 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment[ISj 
SmA D.C. 
160 
400 
pcd 
I, 
20mA D.C. 
2280 
pcd 


(Digit Average) 
60mA Pk: 1 of 6 
1440 
,..cd 
Duty Factor 


Peak Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelength[16. 11] 
Ad 
581.5 
586 
592.5 
nm 


Forward Voltage/Segment 
or D.P.l'8] 
VI 
I, = 5mA 
1.8 
" = 20mA 
2.2 
2.5 
V 
" = 60mA 
3.1 


Reverse Voltage Segment or D.P.[18.19] 
Va 
la =100,..A 
3.0 
50.0 
V 


Temperature 
Coefficient 
of VI/Segment 
or D.P. 
V,I"C 
-2.0 
mVI"C 


Thermal 
Resistance 
LED Junction-to-Pin 
R8J-PIN 
282 
·C/w/ 


Seg 


HIGH PERFORMANCE 
GREEN HDSP-3600/-3601/-3603/-3606/-4600/-4601/-4603/-4606 


Device 
Parameter 
HDSP- 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensityl 
3600 
Iv 
10mADC 
400 
1100 
Segment[15t 
Series 
,..cd 


(Digit Average) 
60 mA Pk 1:6 
1440 
Duty Factor 


4600 
10 mA DC 
460 
1300 
Series 
,..cd 
60 mA Pk 1:6 
1700 
Duty Factor 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Peak Wavelength 
APEAK 
566 
nm 


Dominant 
Wavelength116, 
171(Digit 
Average) 
Ad 
571 
577 
nm 


Forward 
Voltage/Seg. 
or D.P.l18] 
VF 
IF= 
10 mA 
2.1 
2.5 
V 


Reverse 
Voltage/Seg. 
or D.P.[18, 19J 
VR 
IR=1OOI'A 
3.0 
50.0 
V 


Thermal 
Resistance 
LED 
RIJJ-PIN 
285 
°e/W/sag 
Junction-to-pin 


NOTES: 
15. 
The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side 
of the package. 


16. 
The dominant wavelength, Ad. is derived from the C.I.E. Chromaticity 
Diagram and is that single wavelength which defines the 


color of the device. 


17. 
The displays are categorized as to dominant wavelength with the category designated by a number adjacent to the intensity 
category letter. 


18. 
Quality level for electrical characteristics is 1000 parts per million. 
19. Typical specification 
is for reference only. Do not exceed absolute maximum ratings. 
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Figure 3. Allowed Peak Current vs. Pulse Duration - 
HDSP-3600/-4600 
Series 
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Figure 4. Maximum Allowable DC Current and DC Power 
Figure 5. Maximum Allowable DC Current and DC Power 
Dissipation per Segment as a Function of 
Dissipation per Segment as a Function of 
Ambient Temperature - 
5082-7610/-7650 
Series 
Ambient Temperature - 
5082-7620/-7660 
Series 
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Figure 6. Maximum Allowable DC Current per Segment 
Figure 7. Relative Luminous Efficiency (Luminous 
vs. Ambient Temperature - 
HDSP-3600/-4600 
Series 
Intensity per Unit Current) vs. 
Peak Segment Current 
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These 
display 
devices 
are 
composed 
of 
light 
emitting 


diodes, 
with the light from each LED optically 
stretched 
to 
form individual 
segments 
and decimal 
points. 


These 
display 
devices 
are well 
suited 
for 
strobed 
opera- 
tion. 
The 
typical 
forward 
voltage 
values, 
scaled 
from 
Figure 
8, should 
be used for calculating 
the current 
limit- 


ing resistor 
value and typical 
power 
dissipation. 
Expected 
maximum 
VF values, 
for 
the 
purpose 
of 
driver 
circuit 
design 
and 
maximum 
power 
dissipation, 
may 
be calcu- 
lated using the following 
VF MAX models: 


5082-7610/-7620/-7650/-7660 
Series: 
VF MAX = 1.75 V + IPEAK(38m 
For: IPEAK~ 20 mA 
VFMAX = 1.6 V + loc (45m 
For: 5 mA:S loc:s 
20 mA 


HDSP-3600/-4600 
Series: 


VF MAX = 2.0 V + IpEAK (50m 
For: IPEAK~ 5 mA 


The objective 
of contrast 
enhancement 
is to provide 
good 
display 
readability 
in the end use ambient 
light. 
The con- 
cept 
is 
to 
employ 
both 
luminance 
and 
chrominance 
contrast 
techniques 
to enhance 
readability 
by having 
the 
OFF-segments 
blend 
into the display 
background 
and the 
ON-segments 
stand 
out 
vividly 
against 
this 
same 
back- 


ground. 
Therefore, 
these 
display 
devices 
are assembled 
with a gray package 
and matching 
encapsulating 
epoxy 
in 
the segments. 


Contrast 
enhancement 
may be achieved 
by using 
one of 
the following 
suggested 
filters: 


5082-7610/ 
-7650 


Panelgraphic 
SCARLET 
RED 65 or GRAY 10 
SGL Homalite 
Hl00-1670 
RED or -1266 
GRAY 
3M Louvered 
Filter R6310 RED or N0210 
GRAY 


'2 


>- 
10 
>- 
u; 
15 
>-~ 
V> 
::>0z~:: 
w> 
>=:3 
w 
0: 


5082-7620/ 
-7660 


Panelgraphic 
YELLOW 
27 or GRAY 10 
SGL Homalite 
Hl00-1720 
AMBER 
or -1266 
GRAY 
3M Louvered 
Filter A5910 AMBER 
or N0210 
GRAY 


HDSP-3600/ 
Panelgraphic 
GREEN 48 
-4600 
SGL Homalite 
Hl00-1440 
GREEN 
3M Louvered 
Filter G5610 GREEN or N0210 
GRAY 


To 
optimize 
device 
optical 
performance, 
specially 
de- 
veloped 
plastics 
are used which 
restrict 
the solvents 
that 


may 
be used 
for 
cleaning. 
It is recommended 
that 
only 


mixtures 
of Freon 
(Fl13) 
and alcohol 
be used 
for 
vapor 
cleaning 
processes. 
with 
an immersion 
time in the vapors 
of less than 
two 
(21 minutes 
maximum. 
Some 
suggested 
vapor cleaning 
solvents 
are Freon TE, Genesolve 
01-15 or 


DE-15, 
Arklone 
A or K. A 60°C 
(140°F) 
water 
cleaning 
process 
may also 
be used, 
which 
includes 
a neutralizer 
rinse 
(3% ammonia 
solution 
or equivalent), 
a surfactant 
rinse 
(1% detergent 
solution 
or 
equivalent), 
a hot 
water 
rinse and a thorough 
air dry. Room 
temperature 
cleaning 


may be accomplished 
with Freon T-E35 or T-P35, Ethanol, 


Isopropanol 
or water with a mild detergent. 


Such 
cleaning 
agents 
from 
the 
ketone 
family 
(acetone, 


methyl 
ethyl 
ketone, 
etc) 
and from the chlorinated 
hydro- 
carbon 
family 
(methylene 
chloride, 
trichloroethylene, 


carbon 
tetrachloride, 
etc.l are not recommended 
for clean- 
ing 
LED 
parts. 
All 
of 
these 
various 
solvents 
attack 
or 
dissolve 
the encapsulating 
epoxies 
used to form the pack- 
ages of plastic 
LED devices. 
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14.2mm 
<'56 INCH) 
SEVEN SEGMENT DISPLAYS 
RED 
HDSP-5300 SERIES 
HIGH EFFICIENCYRED 
HDSP-5500 SERIES 
HIGH PERFORMANCEGREEN 
HDSP-5600 SERIES 
YELLOW 
HDSP-5700 SERIES 


TECHNICAL 
DATA 
JANUARY 
1984 


Fli;' 
HEWLETT 
a:a PACKARO 


Features 


• 
INDUSTRY 
STANDARD 
SIZE 


• 
INDUSTRY 
STANDARD 
PINOUT 
15.24mm (.6 inch) DIP Leads on 
2.54mm (.1 inch) Centers 


• 
CHOICE 
OF FOUR COLORS 
Red 
Yellow 
High-Efficiency 
Red 
High 
Performance 
Green 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Evenly Lighted 
Segments 
Mitered 
Corners 
on Segments 
Gray Package Gives Optimum 
Contrast 


• 
COMMON 
ANODE 
OR COMMON 
CATHODE 
Right Hand Decimal 
Point 
Overflow 
±1 Character 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY; 
YELLOW 
AND GREEN CATEGORIZED 
FOR COLOR 
Use of Like Categories 
Yields a Uniform 
Display 


Description 


The HDSP-5300/-5500/-5600/-5700 
Series are large 14.22 


mm (.56 inch) LED seven segment displays. Designed for 
viewing distances 
up to 7 metres (23 feet), these displays 


provide excellent readability in bright ambients. 


These devices utilize an industry standard size package and 
pin function 
configuration. 
Both the numeric and ±1 over- 


flow devices feature a right hand decimal 
point and are 


available as either common anode or common cathode. 


Part No. 
Package 
HDSP- 
Color 
Description 
Drawing 


5301 
Common Anode Right Hand Decimal 
A 
5303 
Common Cathode Right Hand Decimal 
B 
5307 
Red 
Overflow ± Common Anode 
C 
530B 
Overflow ± Common Cathode 
D 
5321 
Two Digit Common Anode Right Hand Decimal 
E 


5323 
Two Digit Common Cathode Right Hand Decimal 
F 


5501 
Common Anode Right Hand Decimal 
A 
5503 
Common Cathode Right Hand Decimal 
B 
5507 
High Efficiency 
Overflow ± Common Anode 
C 
550B 
Red 
Overflow ± Common Cathode 
D 
5521 
Two Digit Common Anode Right Hand Decimal 
E 
5523 
Two Digit Common Cathode Right Hand Decimal 
F 


5601 
Common Anode Right Hand Decimal 
A 
5603 
Common Cathode Right Hand Decimal 
B 
5607 
High Performance 
Overflow ± Common Anode 
C 
5608 
Green 
Overflow ± Common Cathode 
D 
5621 
Two Digit Common Anode- Right Hand Decimal 
E 
5623 
Two Digit Common Cathode Right Hand Decimal 
F 


5701 
Common Anode Right Hand Decimal 
A 
5703 
Common Cathode Right Hand Decimal 
B 
5707 
Yellow 
Overflow ± Common Anode 
C 
570B 
Overflow ± Common Cathode 
D 
5721 
Two Digit Common Anode Right Hand Decimal 
E 
5723 
Two Digit Common Cathode Right Hand Decimal 
F 
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FUNCTION 


PIN 
A 
B 
C 
D 
E 
F 


1 
CATHODEe 
ANODEe 
CATHODEc 
ANODEc 
E CATHODE 
NO.1 
EANODENO.1 


2 
CATHODEd 
ANODEd 
ANODEc.d 
CATHODEc.d 
D CATHODE 
NO.1 
D ANODE NO. 1 


3 
ANODE[3j 
CATHODE(4j 
CATHODEb 
ANODE 
b 
C CATHODE 
NO.1 
CANODENO.1 


4 
CATHODEc 
ANODEc 
ANODE a. b. DP 
CATHODE 
a. b, DP 
DP CATHODE 
NO 1 
DP ANODE NO. 1 


5 
CATHODE 
DP 
ANODEDP 
CATHODEDP 
ANODEDP 
E CATHODE 
NO.2 
EANODENO.2 


6 
CATHODEb 
ANODEb 
CATHODE 
a 
ANODE a 
D CATHODE 
NO.2 
DANODENO.2 


7 
CATHODE 
a 
ANODE a 
ANODE a. b, DP 
CATHODE 
a, b, DP 
G CATHODE 
NO.2 
G ANODE NO. 2 
8 
ANODE[3j 
CATHODE['] 
ANODEc.d 
CATHODEc, 
d 
C CATHODE 
NO, 2 
C ANODE NO. 2 


9 
CATHODEf 
ANODEf 
CATHODEd 
ANODEd 
DP CATHODE 
NO.2 
DP ANODE 
NO.2 


10 
CATHODEg 
ANODEg 
NO PIN 
NO PIN 
B CATHODE 
NO.2 
BANODENO.2 


11 
A CATHODE 
NO.2 
AANODENO.2 


12 
F CATHODE 
NO.2 
F ANODE NO. 2 


13 
DIGIT NO.2 ANODE 
DIGIT NO.2 
CATHODE 


14 
DIGIT NO.1 ANODE 
DIGIT NO.1 
CATHODE 


15 
HODE NO.1 
BANODENO.1 


16 
A CATHODE 
NO.1 
A ANODE NO. 1 


17 
G CATHODE 
NO.1 
GANODENO.1 


18 
F CATHODE 
NO.1 
F ANODE 
NO.1 


Notes: 
1. All dimensions 
in millimetres 
(inches). 


2. All untoleranced 
dimensions 
are for reference 
only. 
3. Redundant 
anodes. 
4. Redundant 
cathodes. 


5. For HDSP-5600/-5700 
series product 
only. 


Absolute Maximum Ratings 


-5300 Series 
-5500/-5600 Series 
-5700 Series 


60 mW 
105 mW 
80 mW 
150 mA16] 
90 mA 17] 
60 mA18] 


(Pulse 
Width 
~ .2 ms) 
(Pulse 
Width 
~ 1 ms) 
(pulse 
Width 
~ 1 ms) 


25 mA 
30 mA 
20 mA 
-400 C to +850 C 
-400 C to +850 C 
-400 C to +850 C 
-400 C to +850 C 
-400 C to +850 C 
-400 C to +850 C 
3.0V 
3.0V 
3.0V 
2600 C for 3 sec. 
2600 C for 3 sec. 
2600 C for 3 sec. 


(1.59 mm 
[1/16 
in.] below 
seating 
plane) 


Average 
Power 
per Segment 
or DP 


Peak 
Forward 
Current 
per Segment 
or DP 


DC Forward 
Current 
per Segmentl9] 
or DP 
Operating 
Temperature 
Range 
Storage 
Temperature 
Range 
Reverse 
Voltage 
per Segment 
or DP 
Lead 
Solder 
Temperature 


Noles: 


6. 
See Figure 1 to establish pulsed operating conditions. 


7. 
See Figure 6 to establish pulsed operating conditions. 
HDSP-5500. 
See 


Figure 7 to establish pulsed operating conditions. 
HDSP-5600. 


8. 
See Figure 8 to establish pulsed operating conditions. 


9. 
Derate Maximum 
DC current 
See Figure 2 for -5300 Series. 
See Figure 9 for -5500 Series. 
See Figure 10 for -5600 Series. 
See Figure 11 for -5700 Series. 


Electrical/Optical Characteristics at TA 
RED HDSP-5300 
Series 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment[10] 
Iv 
IF-20 
mA 
400 
1200 
!Lcd 


(Digit 
Average) 
100 mA Peak: 
1300 
1 of 5 Duty 
Factor 


Peak Wavelength 
APEAK 
t= 


655 
nm 
Dominant 
Wavelength 
[1I] 
Ad 
640 
nm 
Forward 
Voltage/Segment 
or DP[12] 
VF 
IF=20 
mA 
1.6 
2.0 
V 
Reverse 
Voltage/Segment 
or DP1121117j 
VA 
IA = 100 !LA 
3 
12 
V 


Thermal 
Resistance 
LED Junction-ta-Pin 
R6J-PIN 
345 
°C/W/ 


Seg. 


Noles: 
10. The digits are categorized 
for luminous 
intensity 
with category 
designated 
by a letter located on the right hand side of the package. The 


luminous 
intensity 
minimum 
and categories 
are determined 
by computing 
the numerical 
average of the individual 
segment 
intensities, 


decimal 
point 
not included. 


11. The dominant 
wavelength, 
Ad. is derived from the C.I.E. Chromaticity 
Diagram and is that single wavelength 
which defines the color of the 
device. 
' 


12. Quality 
level for Electrical 
Characteristics 
is 1000 parts per million. 
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Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration. 
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Figure 2. Maximum Allowable 
Average Forward Current 
Per Segment vs. Ambient Temperature. 
Deralings 
Based 
on Maximum Allowed Thermal Resistance Values, LED 
Junction 
to Ambient 
on a per Segment Basis. TJ MAX = 


105°C. 


Figure 3. Relative Efficiency 
(Luminous 
Intensity per 
Unit qurrent) 
vs. Peak Segment Current. 
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For a Detailed Explanation of the Use of Data Sheet Information 
and Recommended I 
Soldering Procedures. See Application 
Note 1005. 
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Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment[13J 
Iv 
10mA DC 
600 
2500 
!lcd 


(Digit Average) 
60 mA Peak: 
3300 
1 of 6 Duty Factor 
Peak Wavelength 
APEAK 
635 
nm 


Dominant Wavelength(14J 
Ad 
626 
nm 


Forward Voltage/Segment 
or DP[16J 
VF 
IF-20mA 
2.1 
2.5 
V 


Reverse Voltage/Segment 
or DP[16J 
VR 
IR- 100 p.A 
3 
30 
V 


Thermal Resistance LED Junction-to-Pin 
R8J-PIN 
345 
·CIW/ 


Seg. 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 
Luminous Intensity/Segment(13J 
Iv 
10 mA DC 
600 
1500 
!lcd 


(Digit Average) 
60 mA Peak: 
1920 
1 of 6 Duty Factor 
Peak Wavelength 
APEAK 
566 
nm 


Dominant Wavelength[14. 15J 
Ad 
571 
577 
nm 


Forward Voltage/Segment 
or DP[16J 
VF 
IF-l0 
mA 
2.1 
2.5 
V 
Reverse Voltage/Segment 
or DP1161117 
VR 
IR -100 
p.A 
3 
50 
V 
Thermal Resistance LED Junction-to-Pin 
ROJ-PIN 
345 
·CIW/ 


Seg. 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 
Luminous Intensity/Segment(13J 
Iv 
10 mA DC 
600 
1800 
p.cd 


(Digit Average) 
60 mA Peak: 
2750 
1 of 6 Duty Factor 
Peak Wavelength 
APEAK 
583 
nm 
Dominant Wavelength(14. 15J 
Ad 
5B1.5 
586 
592.5 
nm 
Forward Voltage/Segment 
or DP[16j 
VF 
IF-20 
mA 
2.2 
2.5 
V 
Reverse Voltage/Segment 
or Dp[16>1171 
VR 
IR-100 
p.A 
3 
40 
V 


Thermal Resistance LED Junction-to-Pin 
R8J-PIN 
345 
°C/W/ 


Seg. 


Notes: 
13.The digits are categorized for luminous intensity with category designated by a letter located on top of the package. The luminous 


intensity minimum and categories are determined by computing the numerical average of the individL'" 
segment intensities, decimal 


point not included. 
14.The dominant wavelength, Ad,is derived from the C.I.E. Chromaticity 
Diagram and is that single wavelength which defines the color of 
the device. 
15.The HDSP-5700 series yellow displays are categorized as to dominant wavelength with the category designated by a number adjacent 


to the intensity category letter. 


16.Quality level for Electrical Characteristics 
is 1000 parts per million. 
17.Typical specification for reference only. Do not exceea absolute maximum ratings. 
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Figure 9. Maximum Allowable 
Average Current per 
Segment vs. Ambient 
Temperature. 
Derating 
Based on 
Maximum Allowed Thermal Resistance Values. LED 
Junction 
to Ambient on a per Segment Basis. TJ LED 
MAX = 105° C - 
HDSP-SSOOSeries. 
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Figure 11. Maximum Allowable 
Average Current per 
Segment vs. Ambient Temperature. 
Derating Based on 
Maximum Allowed Thermal 
Resistance Values, LED 
Junction 
to Ambient 
on a per Segment Basis. TJ LED 
MAX = 105° C - 
HDSP-S700 Series. 
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Figure 
10. Maximum 
Allowable 
Average 
Current 
per 
Segment vs. Ambient 
Temperature. 
Derating 
Based on 
Maximum 
Allowed 
Thermal 
Resistance 
Values, 
LED 
Junction to Ambient on a per Segment Basis. TJ LED 
MAX = 105°C. - 
HDSP-S600 Series. 
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Figure 12. Relative Elliclency 
(Luminous 
Intensity 
per 
Unit Current) 
vs. Peak Segment Current. 
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The HDSP-53001-55001-56001-5700 
seriesof display devices 
are composed of light emitting diodes, with the light from 
each LED optically stretched to form individual segments 
and decimal points. The -5300 series uses a p-n junction 
diffused into a GaAsP epitaxial layer on a GaAs substrate. 
The -5500 and -5700 series have their p-n junctions diffused 
into a GaAsP epitaxial layer on a GaP substrate. The -5600 
series use a GaP epitaxial layer on GaP. 


These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4 or 
13,should be used for calculating the current limiting resistor 
value and typical power dissipation. Expected maximum 
VFvalues, for the purpose of driver circuit design and maxi- 
mum 
power dissipation, 
may be calculated 
using the 
following VF MAX models: 


HDSP-5300 Series: 
VF MAX = 1.55V+ IPEAK (70) 
For: IpEAK 2:5 mA 


HDSP-55001-5700Series: 
VF MAX = 1.75V+ IPEAK (380) 
For: IpEAK 2:20 mA 
VF MAX = 1.5V+ IDe (450) 
For: 5 mA ~ IDe~ 20 mA 


HDSP-5600 Series: 
VF MAX = 2.0V + IPEAK (500) 
For: IpEAK 2:5 mA 


The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The concept 
is to employ both luminance and chrominance contrast 
techniques 
to enhance 
readibility 
by having the OFF- 
segments 
blend 
into 
the display 
background 
and the 
ON-segments 
stand 
out 
vividly 
against 
this 
same 
background. 
Therefore, 
these 
display 
devices 
are 
assembled with a gray package and matching encapsulating 
epoxy in the segments. 


Contrast enhancement may be achieved by using one of the 
following suggested filters: 


HDSP-5300: Panelgraphic RUBY RED 60 
SGL Homalite H100-1605 RED 
3M Louvered Filter R6610 RED or N0210 
GRAY 


HDSP-5500: Panelgrahpic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 REDor-1266 GRAY 
3M Louvered Filter R6310 RED or N0210 
GRAY 


HDSP-5600: Panelgraphic GREEN 48 
SGL Homalite H100-1440 GREEN 
3M Louvered Filter G5610 GREEN or N0210 
GRAY 


HDSP-5700: Panelgraphic YELLOW 27 or GRAY 10 
SGL Homalite H100-1720 AMBER or-1266 
GRAY 
3M Louvered Filter A5910 AMBER or N0210 
GRAY 


To optimize device optical performance, specially deve- 
loped plastics are used which restrict the solvents that may 
be used for cleaning. It is recommended that only mixtures 
of Freon (F113) and alcohol be used for vapor cleaning 
processes, with an immersion time in the vapors of lessthan 
two (2) minutes maximum. Some suggested vapor cleaning 
solvents are Freon TE, Genesolve 01-15or DE-15.Arklone A 
or K. A 60°C (140°F) water cleaning process may also be 
used, which includes a neutralizer rinse (3% ammonia solu- 
tion orequivalent), asurfactant rinse (1%detergent solution 
or equivalent), a hot water rinse and a thorough 
air dry. 


Room temperature cleaning 
may be accomplished 
with 
Freon T-E35 or T-P35, Ethanol, Isopropanol or water with a 
mild detergent. 


Such cleaning agents from the ketone 
family (acetone, 


methyl ethyl ketone, etc.) and from the chlorinated hydro- 
carbon 
family 
(methylene 
chloride, 
trichloroethylene, 


carbon tetrachloride, etc.) are not recommended for clean- 
ing LED parts. All of these various solvents attack or dissolve 
the encapsulating epoxies used to form the packages of 
plastic LED devices. 
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Features 


• 
20 mm (0.8") DIGIT 
HEIGHT 
Viewable 
Up to 10 Metres (33 Feet) 


• 
CHOICE 
OF FOUR 
COLORS 
Red 
Yellow 
High Efficiency 
Red 
Green 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Evenly Lighted Segments 
Wide Viewing Angle 
Mitered 
Corners on Segments 
Grey Package 
Provides Optimum 
Contrast 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY; 
YELLOW 
AND 
GREEN 
CATEGORIZED 
FOR COLOR 
Use of Like Categories 
Yields a Uniform 
Display 


• 
IC COMPATIBLE 


• 
MECHANICALLY 
RUGGED 


Description 


The 
HDSP-3400/-3900/-4200/-8600 
Series 
are 
very 
large 
20 mm 
(0.8 in.) 
LED 
seven 
segment 
displays. 
Designed 
for 
viewing 
distances 
up to 
10 metres 
(33 feet), 
these 
single 
digit 
displays 
provide 
excellent 
readability. 


These 
devices 
utilize 
a standard 
15.24 
mm 
(0.6 in.) dual 
in 
line 
package 
configuration 
that 
permits 
mounting 
on 
PC 


lARGE 20 mm (0.8") 
SEVEN SEGMENT 
DISPLAYS 


RED 
HDSp·3400 Series 
HIGH EFFICIENCYRED 
HDSp·3900 Series 
YELLOW 
HDSP'4200 Series 
HIGH PERFORMANCE GREEN 
HDSp·S600 Series 


boards 
or in standard 
IC sockets. 
Requiring 
a low forward 


voltage, 
these 
displays 
are 
inherently 
IC 
compatible, 


allowing 
for 
easy 
integration 
into 
electronic 
instru- 


mentation, 
point-of-sale 
terminals, 
TVs, 
weighing 
scales, 


and digital 
clocks. 


Package 
Part Number 
Color 
DeaCriptlon 
Drawing 
HDSP-3400 
Red 
Common 
Anode Left Hand Decimal 
A 
HDSP-3401 
Common 
Anode Right Hand Decimal 
B 
HDSP-3403 
Common 
Cathode Right Hand Decimal 
C 
HDSP-3405 
Common 
Cathode Left Hand Decimal 
0 
HDSP·3406 
Universal Overflow ±1 Right Hand Decimal 
E 
HDSP-3900 
High Efficiency 
Red 
Common 
Anode Left Hand Decimal 
A 
HDSP·3901 
Common 
Anode Right Hand Decimal 
B 
HDSP-3903 
Common 
Cathode Right Hand Decimal 
C 


HDSP-3905 
Common 
Cathode 
Left Hand Decimal 
0 
HDSP-3906 
Universal Overflow ±1 Right Hand Decimal 
E 
HDSP-4200 
Yellow 
Common 
Anode Left Hand Decimal 
A 
HDSP-4201 
Common 
Anode Right Hand Decimal 
B 
HOSP·4203 
Common 
Cathode Right Hand Decimal 
C 
HDSP-4205 
Common 
Cathode Left Hand Decimal 
D 
HDSP-4206 
Universal Overflow ±1 Right Hand Decimal 
E 
HDSP-8600 
High Performance 
Green 
Common 
Anode Left Hand Decimal 
A 
HDSP·6601 
Common 
Anode Right Hand Decimal 
B 


HDSP-6603 
Common 
Cathode Right Hand Decimal 
C 


HDSP-6605 
Common 
Cathode Left Hand Decimal 
0 


HDSP-8606 
Universal Overflow ±1 
E 


Ptn, 


2 
3 
4 
$ 
8 
1 
8 
9 
'0" 
12 
'3,. 
'8 
18 
END VIEW 
SIDE VIEW 
17 
NOTES: 
'8 
1, Dimensions 
in millimeters 
and linches), 
4, 
Unused dp position, 
7, 
For HDSP-4200/-8600 
Series product only, 


2, All untoleranced 
dimensions 
are for reference only, 5, See Internal Circuit 
Diagram, 
8, See part number table for LHDP and 
3, 
Redundant 
anodes, 
6, 
Redundant 
Cathodes, 
RHDP designation, 


package Dimensions (3900/4200 Series) 
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CATEGORY 
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COLOR 
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Absolute Maximum Ratings 
·3900/-4200 


·3400 Series 
Series 
·8600 Series 


Average Power per Segment or DP (TA= 25·Cl19j 
120mW 
105 mW 
105 mW 
Operating Temperature Range 
-40· C to +85· C 
-40° C to +85° C 
-40·Cto+85°C 
Storage Temperature Range 
-40· C to +85° C 
-40° C to +85° C 
-40° C to +85° C 
Peak Forward Current per Segment or DP ITA = 25° C, 


Pulse Width = 1.2 msl'10 
200 mA 
135 mA 
SOmA 
DC Forward Current per Segment or DP (TA= 25· C)[9 
SOmA 
40mA 
30mA 
Reverse Voltage per Segment or DP 
3,OV 
3.0 V 
3,OV 
Lead Soldering Temperature (1,6 mm [1/6 in.] Below 
Seating Plane) 
260° C for 3 sec. 
260· C for 3 sec. 
260° C for 3 sec. 


Notes: 


9, 
See Power Derating Curves (see Figure 2 for -3400 Series. Figure 7 for -3900/-4200 Series, and Figure 12 for -8600 Series), 


10, 
See appropriate 
curves to establish 
pulsed operating 
conditions 
(see Figure 1 for -3400 Series, Figure 6 for -3900/-4200 
Series, 


Figure 11 for -8600 Series), 


Electrical/Optical 
Characteristics at TA = 25° C 


RED 
HDSP-3400 
SERIES 


Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment 
Iv 
IF=20 
mA 
500 
1200 
,ucd 
(Digit Average)!11,12i 


Peak Wavelength 
APEAK 
655 
nm 


Dominant Wavelengthl131 
Ad 
640 
nm 


Forward Voltage, any Segment or DPI15j 
VF 
IF=20 
mA 
1.6 
2.0 
V 


Reverse Voltage, any Segment or DP 14,151 
VR 
IR=100J./A 
3.0 
20.0 
V 


Temperature Coefficient of 
::'VF/oC 
IF=20 
mA 
-1,5 
mV/oC 
Forward Voltage 


Thermal Resistance LED Junction-to-Pin 
ROJ-PIN 
375 
°C/W/ 


Seg 


Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment 
100 mA Pk; 1 of 5 
2200 
7000 
(Digit Average)!11,121 
Iv 
Duty Factor 
J./cd 


20 mA DC 
4800 


Peak Wavelength 
APEAK 
635 
nm 


Dominant Wavelengthl13j (Digit Average) 
Ad 
626 
nm 


Forward Voltage, any Segment or DPI1SI 
VF 
IF= 100 mA 
2.6 
3.5 
V 


Reverse Voltage, any Segment or Dp15. 161 
VR 
IR= 100,uA 
3.0 
25.0 
V 


Temperature Coefficient of 
:'VF/oC 
IF=1oomA 
-1.1 
mV/oC 
Forward Voltage 


Thermal Resistance LED Junction-to-Pin 
ROJ-PIN 
375 
°C/W/ 


Seg 


Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment 
100 mA Pk; 1 of 5 
2200 
7000 
(Digit Average): I!, 121 
Iv 
Duty Factor 
J./cd 


20 mA DC 
3400 


Peak Wavelength 
APEAK 
583 
nm 


Dominant Wavelengthi13, 14 (Digit Average) 
Ad 
581.5 
586 
592,5 
nm 


Forward Voltage, any Segment or DPIlSI 
VF 
IF= 100 mA 
2.6 
3.5 
V 


Reverse Voltage, any Segment or DPI1S,161 
VR 
IR= 100,uA 
3.0 
25.0 
V 


Temperature Coefficient of 
:'VF/oC 
IF= 100 mA 
-1.1 
mV/oC 
Forward Voltage 


Thermal Resistance LED Junction-to-Pin 
ROJ-PIN 
375 
°CIW/ 


Seg 


HIGH 
PERFORMANCE 
GREEN 
HDSP-8600 
SERIES 


Description 
Symbol 
Test Condillon 
Min. 
Typ. 
Max. 
Units 


Luminous Intensity/Segment 
60 mA Pk; 1 of 5 
1960 
<Digit Averagell11. 121 
Iv 
Duty Factor 
/,cd 


10 mA DC 
700 
IvVU 


Peak Wavelength 
APEAK 
566 
nm 


Dominant Wavelength 
13. 14i (Digit Average) 
Ad 
571 
577 
nm 


Forward Voltage, any Segment or DP[15' 
VF 
IF=10mA 
2.1 
2.5 
V 


Reverse Voltage, any Segment or DP 15,161 
VR 
IR=l00!,A 
30 
50.0 
V 


Thermal Resistance LED Junction-to-Pin 
R8J-PIN 
375 
·CIW/ 


Seg • 


" 
- - 


Notes: 
11. 
Case temperature of the device immediately prior to the intensity measurement is 25°C. 


12. 
The digits are categorized for luminous intensity with the intensity category designated by a leller on the side of the package. 


13. 
The dominant wavelength, Ad, is derived from the CIE chromaticity 
diagram and is that single wavelength which defines the 
color of the device. 


14. 
The yellow and green displays are categorized as to dominant wavelength with the category designated by a number adjacent 
to the intensity category leller. 


15. 
Quality level for electrical characteristics 
is 1000 parts per million. 


16. 
Typical specification 
for reference only. Do not exceed absolute maximum ratings. 
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Figure 2. Maximum Allowable DC 
Current per Segment vs. Ambient 
Temperature 
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Figure 4. Peak Forward Segment 
Figure 5. Relative Luminous Intensity 
Current vs. Peak Forward Voltage 
vs. DC Forward Current 
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Figure 3. Relative Eftlclency (Luminous 
Intensity per Unit Current) vs. Peak 
Segment Current 
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Figure 8. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. Peak 
Segment Current 
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Figure 12. Maximum Allowable DC Current 
per Segment vs. Ambient Temperature 
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Figure 14. Peak Forward Segment Current vs. 
Peak Forward Voltage 
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Figure 13. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. Peak 
Segment Current 
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These 
display 
devices 
are composed 
of eight 
light emitting 
diodes, 
with 
light from each LED optically 
stretched 
to form 


individual 
segments 
and a decimal 
point. 


These 
display 
devices 
are designed 
for strobed 
operation. 


The typical 
forward 
voltage 
values, scaled from 
Figure 4, 9, 
or 14 should 
be used for calculating 
the current 
limiting 
res- 


istor 
value 
and typical 
power 
dissipation. 
Expected 
maxi- 


mum 
VF values, 
for 
the 
purpose 
of driver 
circuit 
design 


and maximum 
power 
dissipation, 
may be calculated 
using 
the following 
VF MAX models: 


HOSP-3400 
Series 
VF MAX = 1.55 V + IpEAK (7m 
For: IPEAK~ 5 mA 


HOSP-3900/-4200 
Series 
VF MAX = 2.15 V + IPEAK(13.5m 
For: IF ~ 30 mA 


VF MAX = 1.9 V + IDC (21.8m 
For: 10 mA::; 
IF::; 30 mA 


VF MAX = 2.0 V + IPEAK150m 
For: IPEAK~ 5 mA 


Temperature 
derated 
strobed 
operating 
conditions 
are 
obtained 
from 
Figures 
1, 6, or 11 and 2, 7, or 12. Figures 
1, 


6, and 11 relate 
pulse duration 
Itp), refresh 
rate If), and the 
ratio 
of 
maximum 
peak 
current 
to 
maximum 
dc 
current 


lIPEAK MAX/IDC 
MAX). 
Figures 
2, 7, and 
12 present 
the 
maximum 
allowed 
dc 
current 
vs. ambient 
temperature. 
Figures 
1, 6, and 
11 are based 
on the 
principle 
that 
the 
peak junction 
temperature 
for pulsed 
operation 
at a speci- 
fied 
peak current, 
pulse 
duration 
and 
refresh 
rate should 
be the same as the junction 
temperature 
at maximum 
DC 
operation. 
Refresh 
rates 
of 1 kHz or faster 
minimize 
the 
pUlsed junction 
heating 
effect of the device 
resulting 
in the 
maximum 
possible 
time average 
luminous 
intensity. 


The 
time 
average 
luminous 
intensity 
can 
be calculated 
knowing 
the 
average 
forward 
current 
and 
relative 
effi- 
ciency 
characteristic, 
1)lpEAK, of Figures 
3, 8, or 13. Time 
average 
luminous 
intensity 
for a device 
case temperature 
of 25°C, 
Iv (25°Cl, 
is calculated 
as follows: 


[ 


IAVG 
] 
[ 
] [Iv DATA SHEET] 
Iv (25° C) = 
IAVGTest 
1),PEAK 


Condition 


Example: 
For HOSP-4200 
series 


ry,PEAK= 1.00 at IPEAI<'= 100 mA. 
For OF = 1/5: 


° 
_ f20 mAJ [1.00J [7.0 
mCdJ =.70 
mcd/ 


Iv 125 C) - 
L20 mA 
segment 


The 
time 
average 
luminous 
intensity 
may 
be adjusted 
for 


operating 
junction 
temperature 
by the following 
exponen- 


tial equation: 


Iv (TJ) = Iv (25°C) 
elk(TJ 
+ 25°Cll 


TJ=TA+PD·ROJ-A 


Device 
K 


-3400 
-Q.Q188/oC 


-3900 
-Q.0131JOC 


-4200 
-0.0112/oC 


-8600 
-Q.0044/oC 


These 
devices 
are constructed 
utilizing 
a lead frame 
in a 
standard 
01P package. 
The LED dice are attached 
directly 


to 
the 
lead 
frame. 
Therefore, 
the 
cathode 
leads 
are 
the 


direct 
thermal 
and mechanical 
stress paths to the LED dice. 


The 
absolute 
maximum 
allowed 
junction 
temperature, 


T J MAX. 
is 1050 C. The maximum 
power 
ratings 
have been 
established 
so 
that 
the 
worst 
case 
VF device 
does 
not 
exceed 
this limit. 


Worst 
case 
thermal 
resistance 
pi n-to-ambient 
is 4000 C/ 


W/Seg 
when 
these 
devices 
are 
sOldered 
into 
minimum 
trace 
width 
PC boards. 
When 
installed 
in a PC board 
that 
provides 
ROPIN-A less than 
4000 C/W/Seg 
these 
displays 


may 
be operated 
at higher 
average 
currents 
as shown 
in 


Figure 
2. 


The 
radiation 
pattern 
for 
these 
devices 
is approximately 


Lambertian. 
The 
luminous 
sterance 
may 
be 
calculated 
using 
one of the two following 
formulas. 


IvlCd> 


LVI cd/m2, 
= -- 
Alm2> 


ITIVIcdl 


Lvlfootlambertsl 
= 
Alft2 


ArealSeg. 
ArealSeg. 


mm2 
in.2 


14.9 
0.0231 


The objective 
of contrast 
enhancement 
is to optimize 
dis- 
play 
readability. 
Adequate 
contrast 
enhancement 
can 
be 


achieved 
in indoor 
applications 
through 
luminous 
contrast 


techniques. 
Luminous 
contrast 
is the observed 
brightness 


of the illuminated 
segment 
compared 
to the brightness 
of 


the surround. 
Appropriate 
wavelength 
filters 
maximize 
lum- 


inous 
contrast 
by reducing 
the amount 
of light 
reflected 
from the area around 
the display 
while transmitting 
most of 
the light emitted 
by the segment. 
These filters are described 
further 
in Application 
Note 1015. 


Chrominance 
contrast 
can further 
improve 
display 
reada- 
bility. 
Chrominance 
contrast 
refers to the color 
difference 


between 
the illuminated 
segment 
and the surrounding 
area. 


These 
displays 
are assembled 
with 
a gray 
package 
and 
untinted 
encapsulating 
epoxy 
in the segments 
to improve 


chrominance 
contrast 
of the ON segments. 
Additional 
con- 
trast enhancement 
in bright 
ambients 
may be achieved 
by 


using 
a neutral 
density 
gray 
filter 
such 
as Panelgraphic 


Chromafilter 
Gray 
10, or 3M Light 
Control 
Film 
{louvered 
film!. 


Flin- HEWLETT 
~~ 
PACKARD 


SEVEN SEGMENT DISPLAYS FOR 
HIGH LIGHT AMBIENT 
CONDITIONS 


HIGH EFFICIENCY RED HDSP-3530/-3730/-5530/-3900 
SERIES 
YEllOW 
HDSP-4030/-4130/-5730/-4200 
SERIES 


• 
HIGH 
LIGHT 
OUTPUT 
Typical 
Intensities 
of up to 7.0 mcd/seg 
at 
100 mA pk 1 of 5 duty 
factor. 


• 
CAPABLE 
OF HIGH 
CURRENT 
DRIVE 
Excellent 
for Long 
Digit 
String 
Multiplexing 


• 
FOUR 
CHARACTER 
SIZES 
7.6 mm, 10.9 mm, 
14.2 mm, and 20.3 mm 


• 
CHOICE 
OF TWO 
COLORS 
High 
Efficiency 
Red 
Yellow 


• 
EXCELLENT 
CHARACTER 
APPEARANCE 
Evenly 
Lighted 
Segments 
Wide 
Viewing 
Angle 
Grey 
Body 
for Optimum 
Contrast 
Description 


The H DSP-3530/-3730/-5530/-3900 
and H DSP-4030/-4130/ 


-5730/-4200 
are 7.6 mm, 10.9 mm/14.2 
mm/20.3 
mm high 
efficiency 
red and yellow 
displays 
designed 
for use in high 
light ambient 
condition. 
The four sizes of displays 
allow for 
viewing 
distances 
at 3, 6, 7, and 
10 meters. 
These 
seven 


segment 
displays 
utilize 
large junction 
high efficiency 
LED 
chips 
made from 
GaAsP 
on a transparent 
GaP substrate. 
Due to the large junction 
area, these displays 
can be driven 


at 
high 
peak 
current 
levels 
needed 
for 
high 
ambient 
conditions 
or many 
character 
mUltiplexed 
operation. 


These 
displays 
have industry 
standard 
packages, 
and 
pin 


configurations 
and ±1 overflow 
display 
are available 
in all 
four sizes. These numeric 
displays 
are ideal for applications 
such 
as Automotive 
and Avionic 
Instrumentation, 
Point 
of 
Sale Terminals, 
and Gas Pump. 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY; 


YELLOW 
CATEGORIZED 
FOR COLOR 
Use of Like Categories 
Yields 
a Uniform 
Display 


Package 
Part No. HDSP- 
Color 
Descrlptlon 
Drawing 


3530 
7.6 mm Common 
Anode Left Hand Decimal 
A 
3531 
High Efficiency 
Red 
7.6 mm Common 
Anode Right Hand Decimal 
B 
3533 
7.6 mm Common 
Cathode 
Right Hand Decimal 
C 
3536 
7.6 mm Universal 
Overflow 
±1 Right Hand Decimal 
D 


4030 
7.6 mm Common 
Anode 
Left Hand Decimal 
A 
4031 
Yellow 
7.6 mm Common 
Anode Right Hand Decimal 
B 
4033 
7.6 mm Common 
Cathode 
Right Hand Decimal 
C 
4036 
7.6 mm Universal 
Overflow 
±1 Right Hand Decimal 
D 


• 


• 
- - 


Part No. 
Color 
Package 
HDSP 
Description 
Drawing 


3730 
10.9 mm Common 
Anode 
Left Hand Decimal 
E 
3731 
High Efficiency 
Red 
10.9 mm Common 
Anode 
Right Hand Decimal 
F 
3733 
10.9 mm Common 
Cathode 
Right Hand Decimal 
G 
3736 
10.9 mm Universal 
Overflow 
±1 Right Hand Dec. 
H 


4130 
10.9 mm Common 
Anode Left Hand Decimal 
E 
4131 
Yellow 
10.9 mm Common 
Anode Right Hand Decimal 
F 
4133 
10.9 mm Common 
Cathode 
Right Hand Decimal 
G 
4136 
10.9 mm Universal 
Overflow 
±1 Right Hand Dec. 
H 


5531 
14.2 mm Common Anode Right Hand Decimal 
I 
5533 
High Efficiency 
14.2 mm Common cathode 
Right Hand Decimal 
J 
5537 
Red 
14.2 mm Overflow ±1 Common Anode 
K 
5538 
14.2 mm Overflow ±1 Common Cathode 
L 


5731 
14.2 mm Common Anode Right Hand Decimal 
I 
~ 


5733 
Yellow 
14.2 mm Common cathode 
Right Hand Decimal 
J 
5737 
14.2 mm Overflow ±1 Common Anode 
K 
5738 
14.2 mm Overflow ±1 Common Cathode 
L 


3900 
20.3 mm Common Anode Left Hand Decimal 
M 
3901 
20.3 mm Common Anode Right Hand Decimal 
N 
3903 
High Efficiency 
Red 
20.3 mm Common 
Cathode Right Hand Decimal 
0 
3905 
20.3 mm Common cathode 
Left Hand Decimal 
p 


3906 
20.3 mm Universal Overflow ±1 Right Hand Decimal 
Q 


4200 
20.3 mm Common Anode Left Hand Decimal 
M 
4201 
20.3 mm Common Anode Right Hand Decimal 
N 
4203 
Yellow 
20.3 mm Common Cathode Right Hand Decimal 
0 
4205 
20.3 mm Common cathode 
Left Hand Decimal 
P 
4206 
20.3 mm Universal Overflow ±1 Right Hand Decimal 
0 


Average Power per Segment 
or DP (TA = 25°CI 


Peak Forward Current per Segment 
or DP (TA = 25°C)111 


DC Forward Current per Segmentl21 
or DP (TA = 25°C) 


Operating Temperature Range 


Storage Temperature Range 


Reverse Voltage per Segment or DP 


Lead Solder Temperature 
(1.59 mm 11/16 inch) below seating plane I 


105mW 


135 mA 


(Pulse Width = 0.16 msI 
Notes: 
1. See Figure 1 to establish 
pulsed operating conditions. 
2. Derate maximum DC cur- 
rent 
above 
TA = 25° C at 
.50 mAr C per segment. see 
Figure 2. 


40mA 


-40°C to +85°C 


-40°C to +85°C 


3.0V 


19.05' 
0.25 


1.750' .010) 


R.H.D.P. 
j r: 
+ 
Noto8 
__ 
__~. 


4.191.165) 


5.08 
1.2001 
Ci. 


A,B,C 


LUMINOUS 
INTENSITY 
CATEGORY 
LUMINOUS 
INTENSITY 
CATEGORY 


, . 


>0." If:;~ I 
· ....0.=0. + 
11 
10.92 (.430) 


.•. 
.•• 10 1 


... c::::J __c+ 
9 
_ 


d l 
••... 8 
Note 4 
•----'-- 
8 
3.18 el2S) 
No'"1 
---, 


6.35 (.250) ~- 
_. 
::~~~::~) 


F,G 


FRONT 
VIEW 


r-- 12.70 (.50011 
I 
MAX. 
~ 


~ 


5.33 
6.35 
U 
1.2'01 
1.250) 


4.06(.1601 
=r~ 
MIN. 
I 
Ii 
~il-O.25 


I 
,(.0101 


7.62 
I 
1 
1.300)~ 


LUMINOUS 
INTENSITY 
CATEGORY 


PIN 
0 
·3538/-4038 


1 
CATHODE .• 
NO PIN 
ANODE<I 
2 
CATHODE·' 
CATHODe 
lei 
NOPIN 
3 
ANODEI.I 
ANOOe-l 
CATHODE<I 
4 
NO PIN 
ANODE", 
CATHODE .• 
5 
NO PIN 
ANODE •• 
CATHODE •• 
5 
. CATHODE<lp 
,ANODE-d 
ANODE .• 
1 I CATHODE-. 
CATHODE .• 
NO PIN 
ANODE .• 
8 
I CATHDDE<I 
CATHDDE-d 
INO PIN 
ANDDE-dp 
9 
NOCONN.lSI 
CATHODE<lp 
CATHODE 
IS' 
NOPIN 
10 
CATHODE .• 
CATHODE·. 
ANODE-dp 
CATHODe<lp 
" 
CATHODEll 
CATHODEll 
ANODe •.• 
CATHOO\<·b 


12 
NO PIN 
NO PIN 
jANODE-b 
CATHODE·, 
13 
CATHODE·b 
I CATHOOE-ll 
ANODE •• 
ANODE·, 
14 
ANODE(3J 
, ANODEI3I 
NO PIN 
ANODE·b 


4.451.1751t 
-L 


4.061.1801 


MIN. 
~ 
, 
-I'If4- 0.251.0101 


7.82 (.3001~ 


1 
CATHOOE-.a 


2 
CATHODE·' 


3 
ANODE!31 
4 
NO PIN 


5 
NO PIN 
NO PIN 


fi 
CATHOOE--dp 
_I NO CONN.t51 


7 I CATHODe.. 
>.- CATHooe. 


8 
CATHODE·d 
CATHODE-d 


9 
NO CONN.f51 
CATHOOE-dp 


10 
CATHOOE·c 
CA,THOOE·c 
;~ I :Tp:OE"9 
~~Tp~~OE.a 


13 
CATHOOE·b 
CATHODE·b 


'4 
ANODEI3] 
ANODEt31 


G 
H 


·3733/-4133 
·3738/-4136 
- -ANODe;- 
t- CATHOOE-d 


ANOOE·f 
ANOOE,-(J 


CATHOOE(SI 
NO PIN 


NO PIN 
CATHODE-c 


NO PIN 
I CATHODE-. 
::::.1 


51.:~~~:: 


ANODE~ 
ANOOE-dp 


ANOOE-dp 
CATHOOE-dp 


ANOOE-c 
CATHOOE.., 


ANOOE·g 
CATHODE·, 


NO PIN 
NO PIN 


ANODE·b 
ANODE-. 


CATHOOEl6) 
ANOOE-b 


170Lit 


9 


8 
70 
(.673) 
. .• 
't. 
±L 9. 


t 


2 


34j 


4.81 
--J 
1.1911 


12.573 
(.4951 
MAX 


----I 
8.00 I--- 
.254 


I (.3151I 
JI~~~I[r-r:L 


_~I 


J 6.86L 
(.2701 


FUNCTION 


PIN 
I 5531 
J 6533 
K 
5537 
L $538 
1 
CATHODEe 
ANODE. 
CATHOOE 
c 
ANOOEc 
2 
CATHODEd 
ANOOEd 
ANOOEc,d 
CATHODE 
c.d 
3 
ANODE'" 
CATHODE"l 
CATHODE 
b 
ANODE 
b 
4 
CATHOOEc 
ANOOEc 
ANODE 
3.b 
CATHODE 
DP 
3, b, DP 
5 
CATHODE 
ANODE 
DP 
CATHODE 
ANODEOP 
DP 
DP 
6 
CATHOOEb 
ANODEb 
CATHODE 
a 
ANODE 
•• 
7 
CATHODE 
it 
ANODE. 
ANODEa. 
b. 
CATHODE 
DP 
a,b,DP 
8 
ANODE'" 
CATHooe1al 
ANOOEc.d 
CATHODE 
c.d 
9 
CATHODE 
f 
ANOOEf 
CATHODE 
d 
ANODE 
d 
10 
CATHODE 
9 
ANODEg 
NO PIN'" 
NO PIN'" 


COLOR 
BIN(7I 


LUMINOUS 
INTENSITY 
CATEGORY 


19 


096MAX'l 
,10.786 
MAX.I 
S~ 
8.38.: 
0.25 
~ 
-.1.10.330,0.0101 


6.1 MIN. 
~ 


10'F 
,10.0401 


! 
J- 
0.3810.0151 


~.24=O.25 


10.600,0.0101 


.l... 
T- 


2.54.: 
0.25 


(O.lOO! 
0.010) 


DATE 
CODE 


SIDE V~EWM, N, 0, P,a 
END VIEW M, N, 0, P,a 


NOTES: 


1. Dimensions 
in millimeters 
and (inches). 


2. All untoleranced 
dimensions 
are 10r reference 
only. 


3. Redundant 
anodes. 


'I. 


PACKAGE--1 


FRONTVIEWa 


M 
-O--~I- 
P 


Pin 
3900/4200 
3903/4203 
390514205 


1 
NO PIN 
NOPIN-+-NO 
PIN 


2 
CATHODE 
a 
CATHODE 
a 
ANODE a 
ANODE a 


3 
CATHODE 
f 
CATHODE 
f 
ANODE' 
ANODE f 


4 
ANODE!SI 
I ANODe131 
ICATHODEi$j ICATHODE~&l 


5 
!CATHODE 
e 
CATHODE 
e 
ANODE ~ 
ANOOE e 


6 
ANODelSl 
ANODE:31 
CATHODEI.1 
CATHODE~I 


7 
CATHODE 
dp I NO. CONNEC'I 
NO. CONNEC.\ 
ANODE dp 


6 
!NO PIN 
NO PIN 
NO PIN 
NO PIN 


9 INO PIN 
NO PIN 
NO PIN 
NO PIN 


10 
NO PIN 
CATHOOE 
dp 
ANODE dp 
NO PIN 


11 
ICATHOOEd 
CATHODEd 
ANODEd 
. 
jANODEd 
12 
,ANODEI3l 
ANOOe SI 
ICATHOOe'61 
CATHOOel6J 


13 
CATHODE 
c I CATHODE 
c 
'ANODE 
c 
ANODE c 


14 
'CATHOOE 
9 
CATHODE 
9 
ANODE 9 
ANODE 9 


~~ 
~~T~~DE 
b I ~~T~~DE 
b I~~':.~~ 
b 
I~~Op~~ b 


~~ 1~60p~~13j I ~~~~~:'J 
~~T~~OE!& 
~~T~~DEI&: 


Q 
3906/4206 


NO PIN 
CATHODEs 
I 


ANOOEd 
CATHOOEd 
CATHOOEc 
I 


CATHOOEe 
ANODEe 
. CATHODE 
dp 


NO PIN 
ANODEdp 


t CATHODE 
dp 
I CATHODE 
b 


ANODE b 
I 


ANODEC 
ANODE 
a 


NO 
PIN 
CATHODE 
a 


NO 
PIN 


4. Unused dp position. 
7. For HDSP-4030/-4130/-5730/-4200 
Series product only. 


5. See Internal 
Circuit 
Diagram. 
8. See part number 
table for LHDP and RHOP designation. 
6. Redundant Cathodes. 


I· 
- - 


Electrical/Optical 
Characteristics at TA 


Device 
Parameter 
Symbol 
HDSP- 
Test Condition 
Min 
Typ 
Max 
Units 


3530 
1500 
4500 


Luminous 
Intensityl 
Iv 
3730 
100 mA Pk; 1 of 5 
1500 
5000 
!,cd 


Segment,g,lO, 
5530 
Duty 
Facior 
2200 
7000 
(Djgit 
Average) 
3900 
2200 
7000 


3530 
3100 
3·130 
20 mA DC 
3500 
!,cd 
5530 
4800 


3900 
4800 


4030 
1500 
4500 


4130 
100 mA Pk; 1 of 5 
1500 
5000 
/lcd 
5730 
Duty 
Factor 
2200 
7000 


4200 
2200 
7000 


4030 
2200 


4130 
20 mA DC 
2500 
/lcd 
5730 
3400 


4200 
3400 


Peak Wavelength 
APEAK 
3530/37301 
635 
nm 
5530/3900 


4030/41301 
583 
nm 


5730/4200 


Dominant 
Wavelength 
11, 12 
Ad 
3530/37301 
626 


(Digit 
Average) 
5530/3900 


4030/41301 
581.5 
586 
592.5 
nm 
5730/4200 


Forward 
Voltage/Segment 
or D.p.l13] 
VF 
All Devices 
IF = 100 mA 
2.6 
3.5 
V 


Reverse Voltage/Segment 
or D.P.\~~' 
VR 
All Devices 
IR=100!'A 
3.0 
25.0 
V 


Temp. 
Coeff. 
of VF/Seg 
or D.P. 
.:lVF/oC 
All Devices 
IF = 100 mA 
-1,1 
mV;oC 


Thermal 
Resistance 
ROJ-PIN 
3530/4030/ 
282 
°C/W/Seg 


LED Junction-to-pin 
3730/4130 


5530/5730 
345 
°C/W/Seg 


3900/4200 
375 
°C/W/Seg 


Notes: 
9. Case temperature 
of the device immediately 
prior to the intensity measurement is 25° C, 
10. The digits are categorized for luminous 
intensity with the intensity category designated by a letter on the side of the package. 


11. The dominant wavelength, 
Ad, is derived from the CIE chromaticity 
diagram and is that single wavelength which defines the color 
of the device. 


12. The yellow displays are categorized 
as to dominant 
wavelength with the category designated by a number adjacent to the 
intensity 
category letter. 
13. Quality level for electrical characteristics 
is 1000 parts per million. 


14. 
Typical specification 
for reference only. Do not exceed absolute maximum ratings. 
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These display devices are composed of eight light emitting 
diodes, with light from each LEDoptically stretched to form 
individual segments and a decimal point. 


The devices utilize LED chips which are made from GaAsP 
on a transparent GaP substrate. 


These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4 
should be used for calculating the current limiting resistor 
value and typical power dissipation. Expected maximum VF 
values, for the purpose of driver circuit design and maxi- 
mum power dissipation, 
may be calculated 
using the 
following VFMAX models: 


VFMAX = 2.15V+ IpEAK(13.501 
For: IF ~ 30 mA 


VFMAX = 1.9V+ IDe (21.801 
For: 10 mA ~ IF ~ 30 mA 


Temperature 
derated strobed operating conditions 
are 
obtained from 
Figures 1 and 2. Figure 1 relates pulse 
duration (tp), refresh rate (f). and the ratio of maximum peak 
current to maximum dc current (IPEAK MAX/IDe MAX). 
Figure 2 presents the maximum allowed dc current vs. 
ambient temperature. Figure 1 is based on the principle 
that the peak junction temperature for pulsed operation at 
a specified peak current, pulse duration and refresh rate 
should 
be the same as the junction 
temperature 
at 
maximum DC operation. Refresh rates of 1 kHz or faster 
minimize the pulsed junction heating effect of the device 
resulting in the maximum possible time average luminous 
intensity. 


The time average luminous intensity can be calculated 
knowing 
the average forward 
current 
and relative ef- 
ficiency characteristic, 1JlpEAK,of Figure 3. Time average 
luminous intensity for a device case temperature of 25°C, Iv 
(25°C), is calculated as follows: 


Iv (25° C) = [2~A~J\] [1JIPEAKJ[Iv DATASHEETJ 


Example: For HDSP-4030series 


1JIPEAK= 1.00 at IpEAK= 100 mA. For DF = 1/5: 


I 
2 0C = r20 mAJ [100J [4.5 mCdJ= 4.5 mcd/ 


v (5 
) 
L20mA 
segment 


The time average luminous intensity may be adjusted for 
operating junction temperature by the following exponen- 
tial equation: 


Iv (TJ) = Iv (25°C) elk(TJ + 25°C)! 


DEVICE 
K 


-3530/-3730/-5530/-3900 
-o.D1311°C 


-4030/-4130/-5730/-4200 
-0.0112/°C 


These devices are constructed utilizing a lead frame in a 
standard DIP package. The LED dice are attached directly 
to the lead frame. Therefore, the cathode leads are the 
direct thermal and mechanical stress paths to the LED dice. 
The 
absolute 
maximum allowed 
junction 
temperature, 


TJ MAX, is 105°C. The maximum power ratings have been 
established so that the worst case VF device does not 
exceed this limit. 


Worst case thermal resistance pin-to-ambient 
is 400°C/ 


W/Seg when these devices are soldered into minimum 
trace width PC boards. When installed in a PC board that 
provides R8PIN-Aless than 400°C/W/Seg these displays 
may be operated at higher average currents as shown in 
Figure 2. 


The radiation pattern for these devices is approximately 
Lambertian. The luminous sterance may be calculated 
using one of the two following formulas. 


Iv(cd) 


Lv(cd/m2) = --2 
A(m 
) 


,,-Iv( cd) 


Lv(footlambertsl = A(ft2) 


AREAlSEG. 
AREAlSEG. 
DEVICE 
mm2 
IN.2 


-3530/-4030 
2.5 
.0039 


-3730/-4130 
4.4 
.0068 


-5530/-5730 
8.8 
.0137 


-3900/-4200 
14.9 
.0231 


The objective of contrast enhancement is to optimize dis- 
play readability. Adequate contrast enhancement can be 
achieved in indoor applications through luminous contrast 
techniques. Luminous contrast is the observed brightness 
of the illuminated segment compared to the brightness of 
the surround. Appropriate wavelength filters maximize lum- 
inous contrast by reducing the amount of light reflected 
from the area around the display while transmitting most of 
the light emitted by the segment. These filters are described 
further in Application Note 1015. 


Chrominance contrast can further improve display reada- 
bility. Chrominance contrast refers to the color difference 
between the illuminated segment and the surrounding area. 
These displays are assembled with a gray package and 
untinted encapsulating epoxy in the segments to improve 
chrominance contrast of the ON segments. Additional con- 
trast enhancement in bright ambients may be achieved by 
using a neutral density gray filter such as Panelgraphic 
Chromafilter Gray 10, or 3M Light Control Film (louvered 
filml. 


5082-7300 
5082-7302 
5082-7304 
5082-7340 


HEXADECIMAL 
AND NUMERIC 
INDICATORS 
F/in- HEWLETT 
~e.. 
PACKARD 
• 


" 
- - 


• 
NUMERIC 
5082-7300/-7302 
0-9, Test State, 
Minus 
Sign, 
Blank 
States 
Decimal 
Point 
7300 Right 
Hand 
D.P. 
7302 Left Hand 
D.P. 


• 
DTLITTL 
COMPATIBLE 
• 
INCLUDES 
DECODER/DRIVER 
WITH 
5 BIT MEMORY 
8421 Positive 
Lagle 
Input 
• 4 x 7 DOT 
MATRIX 
ARRAY 
Shaped 
Character, 
Excellent 
Readlblllty 
• 
STANDARD 
.600 INCH 
x .400 INCH 
DUAL-IN-L1NE 
PACKAGE 
INCLUDING 
CONTRAST 
FILTER 
• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Assures 
Uniformity 
of Light 
Output 
from 
Unit to Unit within 
a Single 
Category 


• 
HEXADECIMAL 
5082-7340 
0-9, A-F, Base 16 
Operation 
Blanking 
Control, 
Conserves 
Power 
No Decimal 
Point 


The 5082-7302 
is the same as the 5082-7300, 
except 
that 


the decimal 
point 
is located 
on the 
left-hand 
side of the 


digit. 
The 5082-7340 
hexadecimal 
indicator 
decodes positive 
8421 


logic 
inputs 
into 
16 states, 0-9 
and A-F. 
In place of the 


decimal 
point 
an input 
is provided 
for blanking 
the display 


(all LED's 
off), 
without 
losing the contents 
of the memory. 


Applications 
include 
terminals 
and computer 
systems using 
the base-16 character 
set. 
The 5082-7304 
is a (± 1.) overrange character, 
including 
dec- 


imal point, 
used in instrumentation 
applications. 


The 
HP 
5082-7300 
series solid 
state numeric 
and hexa- 
decimal 
indicators 
with 
on-board 
decoder/driver 
and mem- 
ory 
provide 
a 
reliable, 
low-cost 
method 
for 
displaying 
digital 
information. 


The 
5082-7300 
numeric 
indicator 
decodes 
positive 
8421 
BCD 
logic 
inputs 
into 
characters 
0-9, 
a "-" 
sign, a test 
pattern, 
and 
four 
blanks 
in 
the 
invalid 
BCD 
states, The 
unit 
employs 
a right-hand 
decimal 
point. 
Typical 
applica- 
tions 
include 
point-of-sale 
terminals, 
instrumentation, 
and 


computer 
systems. 


package Dimensions 


7300 
FUNCTION 


PIN 
5082-7300 
5082-7340 
and 7302 
Numeric 
Hexadecimal 


1 
Input 
2 
Input 
2 
2 
Input 4 
Input 4 
3 
Input 8 
Input 8 
4 
Decimal 
Blanking 
point 
control 
5 
Latch 
Latch 
enable 
eneble 
6 
Ground 
Ground 


7 
Vcc 
Vc~ 


8 
Input 1 
Input 1 


~ 


'8 
,. 


SEATING 
(,15) 
COOl 


PLANE 
I 
1 
I 
3.4 
~ -If 


13TYP]~.u~ 
II 
d.•'0.08TYP. 
(.050) 
'-t l- 
(.020 1.003) 


2.5 t.13 
TYP. 


(.10 :t..005) 


NOTES: 


1. 
Dimensions 
in millimetres 
and (inches). 


2. 
Unless otherwise specified, the tolerance 


on all dimensions 
is ±.38mm 
(±.015") 


3. 
Digit 
center 
line is ±.25mm 
(±.01") 
from package center line. 


D•• crlptlon 
Symbol 
Min. 
Max, 
Unit 


Storage temperature. 
ambient 
Ts 
-40 
+100 
·C 


Operating 
temperature. 
case (1,2) 
Tc 
-20 
+S5 
·C 


Supplv voltaCle(3) 
Vcc 
-0.5 
+7.0 
V 


Voltage applied 
to Input logic, dp and enable pins 
VIoVDP,VE 
-0.5 
+7.0 
V 


Voltage applied 
to blanking 
Input (1) 
VB 
-0.5 
Vcc 
V 


Maximum 
solder temperature 
at 1.59mm (.062 Inch) 
230 
·C 
below seating plane; t ~ 5 seconds 


Dncrlptlon 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Operating 
temperature. 
case 
Tc 
-20 
+S5 
·C 


Enable Pulse Width 
tw 
120 
nsee 


Time data must be held before positive transition 
tSETUP 
50 
nsec 
of enable line 


Time data must be held after positive transition 
tHOLD 
50 
nsec 
of enable line 


Enable pulse rise time 
lrLH 
200 
nsec 


Deacrlptlon 
Symbol 
Test Conditions 
Min. 
Typ.I') 
Max. 
Unit 


Supply Current 
Icc 
Vcc=5.5V (Numeral 
112 
170 
mA 


Power dissipation 
PT 
5 and dp lighted) 
560 
935 
mW 


Luminous 
intensity 
per LED 
I, 
Vcc=5.0V. Tc=25·C 
32 
70 
/-lcd 
(Digit average) 1>.6' 


Logic low-level 
input voltage 
VIL 
O.S 
V 


Logic high-level 
input voltage 
VIH 
2,0 
V 


Enable low-voltage; 
data being 
VEL 
Vcc=4,5V 
OS 
V 
entered 


Enable high-voltage; 
data not 
VEH 
2.0 
V 
being entered 


Blanking 
low-voltage; 
display 
VBL 
O.S 
V 
not blanked 
(1) 


Blanking 
high-voltage: 
display 
VBH 
3.5 
V 
blanked 
(7) 


Blanking 
low-level 
input current 
(1) 
IBL 
Vcc=5.5V. VBL=O,SV 
20 
/-lA 
Blanking 
high-level 
input current 
(7) 
IBH 
Vcc=5,5V, VBH=4.5V 
2.0 
mA 
Logic low-level 
input current 
ItL 
Vcc=5.5V. V1L=0.4V 
-1.6 
mA 
Logic high-level 
input current 
ItH 
Vcc=5.5V, V1H=2.4V 
+250 
/-lA 
Enable low-level 
input current 
IEL 
Vcc=5.5V. VEL=0.4V 
-1.6 
mA 
Enable high-level 
input current 
IEH 
Vcc=5.5V. VEH=2.4V 
+250 
/-lA 
Peak wavelength 
APEAK 
Tc=25°C 
655 
nm 
Dominant 
Wavelength 
(8) 
A.t 
Tc=25°C 
640 
nm 
Weight 
0.8 
gm 


Notes: 1, Nominal thermal resistanceof a display mounted in a socket which is soldered into a printed circuit board: 8JA=srJ'CfW; 
8,c=15°CfW; 2, 8cAof a mounted displayshould not exceed35°CfW for operation upto Tc = +85°C, 3,Voltagevaluesarewith respectto 
device ground. pin 6, 4,All typical valuesat Vcc=5,QVolts.Tc=25°C, 5,These,displaysarecategorizedfor luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking, 6. The 
luminous intensity at a specific casetemperature, Iv(Tcl may be calculated from this relationship: Iv(Tc)=lv (25°C) e[-·015BI'C,Tc-25'C'J 
7. Applies only to 7340, 8, The dominant wavelength. Ad, is derivedfrom the CIE chromaticity diagram and representsthe single wave- 
length which defines the color of the device, 


Pin. 
.. 


J 
I 


; 
~:.-J 
I 
Vcc 
I 


, 
tUTU!' 
'HOLD 
ENABLE '--. 
" 


.C 
DATA INPUT 
E 


I 
I 
I 
(lOW' LEVel 
DATA) 
lI,:;- 
LOGIC 
B_Xl 
~ 


VCC- 5.QV 
j 
UV 
INPUT ~=:x: 
MATRIX 
.3 
iTo- ,,·C 


3-X8 
LATCH - 
~ 
/ 
MEMORY 
DECODER 
:> 
Dpl21 C_". 
u 
li 
.;1 


DATA INPUT 
~.'V 


i< 
.2 
i 
/ 


IHIGH LEVel 
DATAl 
~ 
I 
z~ 


ENABLE 
,j 


~'TLH 
DP 
•. 
I 
, 


INPUT 


BioANNT~~~[314_ 
LED 
~ 
.1 


! X 


I 
1.5V 
10% 
MATRIX - 


LED 
1.5V 
ORIVER 
MATRIX 
f.=\¥~ 
'. 
1 
2 
3 
C 
• 
GROUND .~ 
V. - BLANKING VOLTAGE - V 


Figure 1. Timing Diegram of 5082-7300 
Figure 2. Block Diegram of 5082-7300 
Figure 3. Typical Blanking Control 
Series Logic. 
Series Logic. 
Current vsoVoltage for 
5082-7340. 


Vee -6.0V_ 
-l.B 
I 
I 
-1.8 
I 
I 
.36 


~o''''cl_ 
I 
""-., 
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Ve 
-ov 
" 
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VI 
-ov 
E 
-1.6 
-1.8 
Tc·a-c 
_ 


E 
.30 
, 


Vec·I.OV 
" 


Vcc - S.OV 


I 
~c.~v 
•.. 
E 
•.. 
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-1.4 
I 
-1.4 


::0 
.2' 
•.. 
T'- 
z 
~ 
I 
a 
-1.2 
~ 
-1.2 
~ 
...•. 
~ 
a 
.20 
......•• 


v.' 3.kv 
~ -1.0 
a 
-1.0 
~ 
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.. 
u 
" 
•...... 


i< 
.15 
::0 
-.8 
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§ 
-.8 
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z 
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% 
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I -.' 
v.- 
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.10 
:3 
\ 
3 
\ 
I 
, 
-.C 
-.C 
~ 
-" 
.05 
-.2 
-.2 
v£ -SV 


Va -O.SV 
\ 
If 
I \. 


0 
'0 
'.0 
2.' 
3.' 
c., 
5.' 
'. 
'.5 
I.' 
3.' 
c., 
5.' 
-20 
0 
20 
40 
60 
80 
90 
2.' 


Te - CASE TEMPERATURE _ °c 
Ve -LATCH 
ENABLE VOLTAGE - V 
VII~ -LOGIC 
VOLTAGE - V 


Figure 4. Typical Blanking Control 
Figure 5. Typical Latch Enable Input 
Figure 6. Typical Logic and Decimal 


Input Current vs. 
Current vs. Voltage for the 
Point Input Current vs. 
Temperature 
5082-7340. 
5082·7300 Series Devices. 
Voltage for the 5082-7300 
Series Devices. Decimal 
Point Applies to 5082-7300 


TRUTH 
TABLE 
and -7302 Only. 


BCD DATAI1J 
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(BLANKI 
.., 
:.. 


H 
H 
L 
L 
(BLANK! 
... 


H 
H 
L 
H 
.... 
: : 
... 
Notes: 
H 
H 
H 
L 
(BLANK) 
1. H = Logic High; L = Logic Low. With the enable input at logic high 
....... 
H 
H 
H 
H 
(BLANK) 
changes in BCD input logic levels or D.P. input have no effect upon 


DECIMAL 
PT.121 
ON 
Vop "l 
display memory, displayed character, 
or D.P. 


OFF 
Vop"'H 
2. The decimal point input, DP, pertains only to the 5082-7300 and 


ENABLE(ll 


lOAD 
DATA 
v. 
-L 
5082-7302 displays. 
LATCH 
DATA 
vE 
-H 
3. The blanking control 
input, B, pertains only to the 5082-7340 


BLANKING!3] 
DISPlAY·ON 
v. 
-L 
hexadecimal 
display. Blanking input has no effect upon display 


DISPLAY·OFF 
v. 
-H 
memory. 


• 


• 
- - 


Solid State Over Range Character 


For 
display 
applications 
requiring 
a t, 1, or decimal 
point 
designation, 
the 5082· 7304 
over range character 
is available. 
This 


display 
module 
comes 
in the same package 
as the 5082· 7300 
series numeric 
indicator 
and is completely 
compatible 
with 
it. 


PIN 
FUNCTION 
1 
Plus 


2 
Numeral One 


3 
Numeral One 
4 
DP 
5 
Open 


6 
Open 
7 
Vcc 


8 
Minus/Plus 


NOTES: 
1. 
Dimensions in inches and (millimeters). 


2. 
Unless otherwise 
specified, 
the tolerance 
on all dimensions 
is ~.015 
inches. (± .38mml 
5082-7304 


CHARACTER 
PIN 


1 
2,3 
4 
8 


+ 
H 
X 
X 
H 
- 
L 
X 
X 
H 
I 
X 
H 
X 
X 
Decimal Poinl 
X 
X 
H 
X 
Blank 
L 
L 
L 
L 
_7 
"'ce 
r---------- 
----------, 
I 
NVM£~AL 
ONe 
M~US 
~ 
I 
: 
,I, 
, 
•• ,I, 
: 


I 
I 
I 
I 


I 
~- 
-~ 
I 


L.. 
~ 
~ 
- 
- 
-.2 
- 
- 
- 
--;;, - 
- ;;0)- - - 
-., 
- - 
.J 


NOTES: 
L: 
Line switching transistor 
in Fig. 7 cutoff. 
H: Line switching 
transistor 
in Fig. 7 saturated. 
X: 'don't 
care' 


Storage 
temperature, 
ambient 


Operating 
temperature. 
case 


Forward 
current. 
each LED 
Reverse 
voltage. 
each 
LE 0 


-40 
+100 
°c 
-20 
+85 
0c 
10 
mA 
4 
V 


V" 
4.5 
5.0 
5.5 
V 
IF 
5.0 
10 
mA 


NOTE: 
LED current 
must be externally 
limited. 
Refer to figure 7 
for recommended 
resistor 
values. 
Electrical/Optical 
Characteristics 
(TC; 
-20°C 
TO +850C, 
UNLESS 
OTHERWISE 
SPECIFIED) 


DESCRIPTION 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Forward Voltage per LED 
VF 
IF = 10mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF = 10mA 


all dIodes lit 
250 
320 
mW 


Luminous Intensily per LED (digil average) 
Iv 
IF - 6 mA 
32 
70 


T,.. = 25°C 
/led 


Peakwavelength 
~peak 
T,.. = 25"C 
655 
nm 


Dominant Wavelength 
/I.d 
TC; 250C 
640 
nm 


Welghl 
0.8 
gm 


Flin- HEWLETT 
~~ 
PACKARD 


• CERAMIC/GLASS 
PACKAGE 
• ADDED RELIABILITY 
• NUMERIC 5082-7356/-7357 
0-9, Test State, Minus Sign, Blank States 
Decimal Point 
7356 Right Hand D.P. 
7357 Left Hand D.P. 
• HEXADECIMAL 
5082-7359 
0-9, A-F, Base 16 Operation 
Blanking Control, Conserves Power 
No Decimal Point 
• TTL COMPATIBLE 
• INCLUDES DECODER/DRIVER 
WITH 5 BIT 
MEMORY 
8421 Positive Logic Input and Decimal Point 
• 4 x 7 DOT MATRIX ARRAY 
Shaped Character, Excellent Readability 
• STANDARD DUAL-IN-L1NE PACKAGE 
15.2mm x 10.2mm (.6 inch x .4 inch) 
• CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Assures Uniformity of Light Output from Unit to 
Unit within a Single Category 
Description 


The 
HP 
5082-7350 
series 
solid 
state 
numeric 
and 
hexadecimal indicators with on-board decoder/driver and 
memory provide 7.4mm (0.29 inch) displays for use in 
adverse industrial environments. 


The 5082-7356 numeric indicator decodes positive 8421 
BCD logic inputs into characters 0-9, a " -" sign, a test 


SIDE 
VIEW 
I 
IT 


0.3 '0.08 TYP. 
(.012 '.0031 


12i~,--I.FI_+ 
--I 
1.171 


HEXADECIMAL AND 
NUMERIC DISPLAYS 
FOR INDUSTRIAL 
APPLICATIONS 


5082-7356 
5082-7357 
5082-1358 
5082·1359 
• 


pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. Typical applications 
include control 
systems, instrumentation, 
communica- 


tion systems and transportation 
equipment. 


The 5082-7357 is the same as the 5082-7356 except that 
the decimal point is located on the left-hand side of the 
digit. 


The 5082-7359 hexadecimal indicator decodes positive 
8421 logic inputs into 16states, 0-9and A-F. In place of the 
decimal point an input is provided for blanking thedisplay 
(all LED's off). without losing the contents of the memory. 
Applications 
include 
terminals 
and computer 
systems 


using the base-16 character set. 


The 5082-7358 is a "±1." overrange display, including a 
right hand decimal point. 
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2 


Inp;t'4 
In~t-8- 
+ 
Blank10g 
CQntr()l. 


Latch 
ena~ 
Ground 


-~ 


Input 
1 


~ 


8 
1.' 
SEATING 
1.15) 
(.06) 


PLANE 
. 
j 
3.' 
\ 
I 
(.135) 
l....: 
:.=......L 


'.3TYP.11,~~, 
-1-1~8TYP 
1.0501 
(.020 ' .0031 
2.5 !,13TYP. 


(.10 -.0051 


NOTES: 


1. 
Dimensions 
in millimetres 
and (inches!. 


2. 
Unless otherwise 
specified, 
the tolerance 
on all dimensions is 1:.38mm (1:.015'" 
3. 
Digit center line is 1:.25mm (1:.01") 
from package center line. 


Absolute Maximum Ratings 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage temperature, 
ambient 
Ts 
-65 
+125 
°C 


Operating 
temperature, 
ambient 
(I," 
TA 
-55 
+100 
°C 


Supply 
voltagetJ> 
Vee 
-0.5 
+7.0 
V 


Voltage applied to input logic, dp and enable pins 
V1,VDP,VE 
-0.5 
+7.0 
V 


Voltage 
applied to blanking 
inputPl 
VB 
-0.5 
Vee 
V 


Maximum 
solder temperature 
at 1.59mm (.062 inch) 
260 
°C 
below seating 
plane; t ~ 5 seconds 


Recommended 
Operating Conditions 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
Vee 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
TA 
-20 
+70 
°C 


Enable Pulse Width 
t" 
100 
nsec 


Time data must be held before positive transition 
tSETL'P 
50 
nsec 
of enable line 


Time data must be held after positive transition 
tnoLD 
50 
nsec 
of enable line 


Enable pulse rise time 
IrLH 
200 
nsec 


Electrical/Optical Characteristics 
(TA = -20° C to +70° C, Unless Otherwise Specified) 


Description 
Symbol 
Test Conditions 
Min. 
Typ.(4) 
Max. 
Unit 


Supply 
Current 
Ice 
Vec=5.5V (Numeral 
112 
170 
mA 


Power dissipation 
PT 
5 and dp lighted) 
560 
935 
mW 


Luminous 
intensity 
per LED 
I. 
Vcc=5.0V, TA=25° C 
40 
85 
!Lcd 
(Digit average) ("" 


Logic low-level 
input voltage 
VII 
0.8 
V 


Logic high-level 
input voltage 
V'H 
2.0 
V 


Enable low-voltage; 
data being 
Vn 
Vcc=4.5V 
0.8 
V 
entered 


Enable high-voltage; 
data not 
VEH 
2.0 
V 
being entered 


Blanking 
low-voltage; 
display 
VBL 
0.8 
V 
not blanked(" 


Blanking 
high-voltage; 
display 
VBH 
3.5 
V 
blanked 
p, 


Blanking 
low-level 
input current(" 
IBL 
Vec=5.5V, VBL=0.8V 
50 
!LA 


Blanking 
high-level 
input current 
p, 
IBH 
Vcc=5.5V, VBH=4.5V 
1.0 
mA 


Logic low-level 
input current 
k 
Vcc=5.5V, VIL=OAV 
-1.6 
mA 


Logic high-level 
input current 
I'H 
Vcc=5.5V, V",=2AV 
+100 
!LA 


Enable low-level 
input current 
IfL 
Vec=5.5V, VEL=OAV 
-1.6 
mA 
Enable high-level 
input current 
IEH 
Vec=5.5V, VFH=2AV 
+130 
!LA 
Peak wavelength 
APEA,K 
TA=25°C 
655 
nm 


Dominant 
Wavelength 
,81 
Ad 
TA=25°C 
640 
nm 


Weight 
1.0 
gm 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 0JA=5rJ'CIW; 
0JC=15°CIW; 2. 0eAof a moun1eddisplay should not exceed35°CIW for operation upto TA=+1OrJ'C. 3.Voltagevaluesarewith respectto 
device ground, pin 6. 4.All typical valuesat Vce=5.0Volts,T,=25° C. 5.Thesedisplays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, I,,(TA), may be calculated from this relationship: I,,(TA)=lv,,,oC)(.985) IT.-2S·C) 
7. Applies only to 7359. 8. The dominant wavelength, Ad, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. 


tSETUP 
tHOlO 
TRUTH TABLE 


DATA INPUT 
BCDOATAllI 


5082-73SSn357 
5082·7359 
(lOW lEVEL 
DATA) 
k;;- 
X, 
X. 
X, 
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L 
L 
L 
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L 
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DATA INPUT 


H 
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1.5'11 
~ 


L 
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L 
.. 
.. 
.... 
.... 


,Jli 


tTlH 
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Figure 1. Timing 
Diagram 01 5082-7350 
.... 
.. 


Series Logic. 
H 
L 
L 
H 
.. 
.. 


H 
L 
H 
L 
!··f 
.... 


H 
L 
H 
H 
(BLANK) 
. . 


Pin. 
H 
H 
L 
L 
(BLANK) 
";~ 


,... 


Vcc 
H 
H 
L 
H 
': 


ENABLE 
5-----. 
..... 


H 
H 
H 
L 
(BLANK) 
I::. 
LOGIC 
a_Xl 
1_X2 
H 
H 
H 
H 
(BLANK) 
i" 
INPUT 
2-X4 
lATCH 
f--- 
MATRIX 
3-XB 
MEMORY 
DECODER 
DECIMAL PT.121 
ON 
Vop '" L 


DplZ) 
4~Dl' 
OFF 
VoP" 
H 


LOAD DATA 
v, 
-L 
j 
ENABLE[lI 


LATCH DATA 
VE 
=H 
Dl' 
DISPLAY·ON 
V, 
-L 
BLANKINGI31 


BLANKINGl31 
LEO 
LEO 
DISPLAY·OFF 
v. 
-H 


CONTROL 
4_ 
MATRIX 
I- 
MATRIX 
DRfVER 


GROUND '-=t.. 
Notes: 
1. H = Logic High; L = Logic Low. With the enable input at logic high 


changes in BCD input logic levels or D.P. input have no effect upon 
display 
memory, 
displayed 
character, 
or D.P. 


Figure 2. Block Diagram 01 5082-7350 
2. The decimal 
point 
input. 
DP. pertains 
only to the 5082-7356 
and 


Series Logic. 
5082-7357 
displays. 
3. The 
blanking 
control 
input, 
B. 
pertains 
only 
to the 
5082-7359 
hexadecimal 
display. 
Blanking 
input 
has no effect 
upon display 
memory. 


.5 
I 
I 


350 


V:c - 5.~V 
I 


"- 


-1.8 


~C'25'cl_ 
"i 
300 
vE",ov- 
0( 


i 
, 
" 


E 
-1.6 
0( 
.4 
I 
'111-0"1 
I 
'lice - 5.0'11 
E 
>- 
>- 


I 
/ 
~ 


250 
~ 


-1." 
>- 
Vee·5,OV 
I 


.......• 


f"-.. 
~ 
.3 
I Te _ 25°C 
::> 
'lis-.4.5'11 
a 
-1.2 
'" 
" 200 
::> 
, 
/' 


>- 
r- 
w 
" 
~ 
••.•.... 
-r- 
~ -1.0 
'" 
" 
/ 
., 
...•...•. 
0( 
z 
150 
~ 
., 
.2 
" 
-.. 
z 
..•.•..•.t-- 
~V 


"'" 
z 
1 f 


., 
~ 
~ 
I 
1.....- 
z 
100 
i" 
-.6 


I 
~ 
:3 
\ 
-" ., 
I 
I 
-.4 
J--V"l 
I 
I 
-" 
50 
-" 
\ 


! 
'lis- 0.8'11 
-.2 
\. 


00 
, 
2 
0 
0 0 
3 
4 
5 
-55 
-40 
-20 
0 
20 
40 
60 
80 
100 
'.0 
2.0 
3.0 
4.0 
5.0 


VB 
- BLANKING VOLTAGE - 
V 
TA - AMBIENT TEMPERATURE _ °C 
'liE- LATCH ENABLE VOLTAGE - V 


Figure 3. Typical 
Blanking Control 
Figure 4. Typical 
Blanking Control 
Figure 5. Typical 
Latch Enable Input 


Current vs. Voltage lor 5082- 
Input Current vs. Ambient 
Current vs. Voltage. 


7359. 
Temperature 
lor 5082-7359. 
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Figure 6. Typical 
Lagle and Decimal 
Point Input Current 
VS. 
Voltage. 
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Figure 7. Typical 
Lagle and Enable 
Low Input Current 
vs. 
Ambient 
Temperature. 
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ELECTRICAL 


The 5082-7350 series devices use a modified 4 x 7 dot 
matrix 
of 
light 
emitting 
diodes 
(LED's) 
to 
display 
decimal/hexadecimal 
numeric information. The LED's are 
driven by constant current drivers. BCD information 
is 
accepted by the display memory when theenable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the 
enable 
pulse 
rise 
time 
should 
not 
exceed 
200 
nanoseconds. 
Using the enable pulse width and data 
setup 
and 
hold 
times 
listed 
in 
the 
Recommended 
Operating 
Conditions 
allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking 
control 
input on the 5082-7395 display 
blanks (turns off) the displayed hexadecimal information 
without 
disturbing 
the contents of display memory. The 
display is blanked at a minimum threshold 
level of 3.5 
volts. This may be easily achieved by using an open 
collector 
TTL gate and a pull-up 
resistor. For example, 


(1/6) 7416 hexinverter buffer/driver and a 120ohm pull-up 
resistor 
will 
provide 
sufficient 
drive 
to 
blank 
eight 
displays. The size of the blanking pull-up resistor may be 
calcul3ted 
from the following 
formula, 
where N is the 
number of digits: 


Rbi", = (Vcc - 3.5V)/[N (1.0mA)] 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as is 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


These displays are designed for use in adverse industrial 
environments. 


These displays may be mounted by soldering directly to a 
printed circuit board or inserted into a socket The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) 
may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100"C, it is important to 
maintain 
a case-to-ambient 
thermal 
resistance of less 
than 35°C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished 
using water, 


Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 
processing 
(up to 2 minutes 
in vapors at boiling) 
or 
Freon/alcohol 
mixtures formulated for room temperature 
cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 01-15, Genesolv DE-15. 


CONTRAST ENHANCEMENT 


The 5082-7350 displays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an 
appropriate 
contrast 
enhancement 
filter. 
Some 
suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid 
HRCP Red Circular 
Polarizing 
Filter. For 
further information see Hewlett-Packard Application Note 
964. 


Solid State Over Range Character 


For display 
applications 
requiring 
a ±, 1, or decimal 
point 
designation, 
the 5082-7358 
over range 
character 
is available. 
This 
display 
module 
comes 
in the same 
package 
as the 5082-7350 
series 
numeric 
indicator 
and is completely 
compatible 
with 
it. 
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YYWW 
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DATE 
COOE 
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".,N 1 KEY U~~J.-+.."~~ 
(,0601.. 
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TRUTH 
TABLE 
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1.10,.005) 
CHARACTER 
PIN 
REAR 
END 
1 
2,3 
4 
8 


PIN 
FUNCTION 
+ 
H 
X 
X 
H 
1 
Plus 
- 
L 
X 
X 
H 
NOTES: 
2 
Numeral 
One 


1. DIMENSIONS 
iN MltLIMt:TRfSANO 
(INCHES). 
3 
Num.relOne 
1 
X 
H 
X 
X 


2, UNLESS 
OTHERWiSE 
SPECIFIED,THE 
TOLERANCE 
4 
DP 
Decimal Point 
X 
X 
H 
X 
ON AU. 
OlM£f1lSI0NS 
IS'::;38 
MM I:t .015 I\'IICHES}, 
5 
Open 
Blank 
L 
L 
L 
L 
6 
Open 
7 
V" 
NOTES: 
L: 
Line switching 
transistor 
in Figure 
9 cutoff. 
8 
Minus/Plus 
H: 
Line switching 
transistor 
in Figure 
9 saturated. 


X: 
'Don't care' 


Electrical/Optical 
Characteristics 
5082-7358 erA = -20°C 
to 
70°C, 
Unless Otherwise 
Specified) 


DESCRIPTION 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
VNIT 


Forward Voltage per LED 
VF 
IF = 10mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF = 10mA 


all diodes lit 
280 
320 
mW 


Luminous Intensity 
per LED (digit average) 
Iv 
IF = 6mA 
40 
85 


T(' = 25°C 
IJcd 


Peak wavelength 
Apeak 
T,.. = 25"C 
655 
nm 


Dominant 
Wavelength 
;\,d 
TC=250C 
640 
nm 


Weight 
1.0 
gm 


Recommended 
Operating 
Conditions 
Absolute 
Maximum 
Ratings 


SYMBOL 
MIN 
NOM MAX 
UNIT 
DESCRIPTION 
SYMBOL 
MIN. 
MAX, 
UNIT 


LE 0 supply voltage 
VCr. 
4.5 
5.0 
5.5 
V 
Storage temperature, 
ambient 
T,:: 
-65 
+125 
·C 


FOrward current, 
each LEO 
IF 
5.0 
10 
mA 
Operating tempereture, 
ambient 
TA 
-55 
+100 
°c 


NOTE: 
Forward eurrent, each LED 
IF 
10 
mA 


LED current 
must be externally 
limited. 
Refer to Figure 9 
Reverse voltage, each LEO 
VR 
4 
V 
for 
recommended 
resistor 
values. 


I 


FliU- HEWLETT 
~~ 
PACKARD 


• 
CONFORM 
TO MIL-D-87157, 
QUALITY 
LEVEL A 


• 
HERMETICALLY 
SEALED 


• 
TXV AND 
TXVB 
VERSIONS 
AVAILABLE 


• 
THREE 
CHARACTER 
OPTIONS 
Numeric 
Hexadecimal 
Over Range 


• 
4 x 7 DOT 
MATRIX 
CHARACTER 


• 
PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 


• 
HIGH 
TEMPERATURE 
STABILIZED 


• 
GOLD 
PLATED 
LEADS 


• 
MEMORY 
LATCH/DECODER/DRIVER 
TTL Compatible 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


The 4N51-4N54 series solid state numeric and hexa- 
decimal 
indicators 
with 
on-board 
decoder/driver 
and 
memory 
are 
hermetically 
sealed 7.4mm 
(0.29 inch) 
displays for use in military and aerospace applications. 


package Dimensions * 


HERMETIC, HEXADECIMAL 
AND 
NUMERIC DISPLAYS FOR 
HIGH RELIABILITY APPLICATIONS 


4N51 (5082-7391 1/4NS1TXV /4NS1 TXVB 
4NS2 (S082-73921/4NS2TXV /4NS2TXVB 
4NS3 (S082-73931/4NS3TXV /4NS3TXVB 
4NS4 (5082- 739SI/4NS4TXV /4NS4TXVB 


TECHNICAL 
DATA 
JANUARY 1984 


The 4N51 numeric indicator decodes positive 8421 BCD 
logic 
inputs 
into 
characters 
0-9, a "-" 
sign, 
a test 


pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. 


The 4N52 is the same asthe 4N51 except that the decimal 
point is located on the left-hand side of the digit. 


The 4N54 hexadecimal indicator decodes positive 8421 
logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED's off), without losing the contents of the memory. 


The 4N53 is a "±1." overrange display, including a right- 
hand decimal point. 


~lO,2MAX'j 
4N54 
I•....1.400) 1 


13.5 


,:1" 


1 
FUNCTION 
I 
4N51 
4N54 


PIN 
4N52 
HEXA· 
. 
NUMERIC 
DECIMAL 


1 
Input 2 
Input 2 


2 
Input 4 
Input 4 


3 
InputS 
InputS 


4 r 


Deoimal 
Blanking: 
point 
control 


5 
, 
Latch 
latch 


enable 
enable 
6 
Ground 
Ground 


7 
, 
V~~ 
Vcc 


8 
I 
tnput.t 
Input 1 


~ 


'8 
1.' 
SEATING 
1.151 
(.06) 


PLANE 
. 
I 
3.4 


~' 
-1-(.1351 


'3TYP]~' ~' -'I_~,L8TYP' 
(.050) 
--j 
(.020 1.003) 


2.5 to. 13 TYP. 
(.10 :1:.,005) 


NOTES: 
1. 
Dimensions in mitlimetres 
and (inches). 
2. 
Unless otherwise 
specified. 
the tolerance 
on all dimensions 
is i.38mm 
(.1.015") 
3. 
Digit center 
line is ~.25mm 
1:t.0'''' 
from 
package 
center 
line. 


4. 
Lead material 
is gold 
plated 
copper 
alloy. 


Absolute Maximum 
Ratings * 


Description 
Symbol 
MIn. 
Max. 
UnIt 


Storage temperature, 
ambient 
Ts 
-65 
+125 
°C 


Operating 
temperature, 
ambient 
(!O') 
TA 
-55 
+100 
°C 


Supply 
voltage m 
Vcc 
-0.5 
+7.0 
V 


Voltage applied 
to input logic, dp and enable pins 
Vl,VDP,VE 
-0.5 
Vcc 
V 


Voltage applied 
to blanking 
input 
Pl 
VB 
-0.5 
Vcc 
V 


Maximum 
solder temperature 
at 1.59mm (.062 inch) 
260 
·C 
below seating plane; t ~ 5 seconds 


ReCOmmended operating 
Conditions * 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
(!o" 
TA 
-55 
+100 
·C 


Enable Pulse Width 
tw 
100 
nsec 


Time data must be held before positive transition 
tSETl;P 
50 
nsec 
of enable line 


Time data must be held after positive transition 
tHOLD 
50 
nsec 
of enable line 


Enable pulse rise time 
hLH 
200 
nsee 


Electrical/Optical Characteristics 'hA 
= -55°C 
to +100"C, 
unless otherwise 
specified) 


Description 
Symbol 
Test Conditions 
Min. 
Typ.'·) 
Max. 
Unit 


Supply 
Current 
Ice 
Vcc=5.5V (Numeral 
112 
170 
mA 


Power dissipation 
PT 
5 and dp lighted) 
560 
935 
mW 


luminous 
intensity 
per lED 
I, 
Vcc=5.0V, TA=25°C 
40 
85 
~cd 
(Digit average)"'" 


logic 
low-level 
input voltage 
V'L 
0.8 
V 


logic 
high-level 
input voltage 
VlH 
2,0 
V 


Enable low-voltage; 
data being 
VEL 
Vcc=4.5V 
0.8 
V 
entered 


Enable high-voltage; 
data not 
VEH 
2.0 
V 
being entered 


Blanking 
low-voltage; 
display 
VBL 
0.8 
V 
not blanked 
I7l 


Blanking 
high-voltage; 
display 
VBH 
3.5 
V 
blanked 
(7) 


Blanking 
low-level 
input current 
Pl 
IBL 
Vcc=5.5V, VBL=0.8V 
50 
/-fA 
Blanking 
high-level 
input current 
(7) 
IBH 
Vcc=5.5V, VBH=4.5V 
1.0 
mA 


Logic low-level 
input current 
hl 
Vcc=5.5V, V1l=O.4V 
-1.6 
mA 


Logic high-level 
input current 
IrH 
Vcc=5.5V, V1H=2.4V 
+100 
~A 
Enable low-level 
input current 
IEL 
Vcc=5.5V, 
VEL=O.4V 
-1.6 
mA 


Enable high-level 
input current 
IEH 
Vcc=5.5V. 
VEH=2.4V 
+130 
/-fA 
Peak wavelength 
APEAK 
TA-25°C 
655 
nm 
Dominant 
Wavelength'S) 
Ad 
TA=25°C 
640 
nm 
Weight •• 
1.0 
gm 
leak 
Rate 
5x10-s 
cc/sec 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 0'A=5fJ'C/W; 
0,c=15°C/W. 2. 0CAof a mounted display should not exceed35°C/W for operation up to TA=+1OfJ'C. 3.Voltagevaluesarewith respectto 
device ground, pin 6. 4. All typical valuesat Vcc=5.0Volts. TA=25°C.5.Thesedisplays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, Iv(TA). may be calculated from this relationship: Iv(TA)=lv12,oq (.985) (T.-2S·C) 
7. Applies only to 4N54. 8. The dominant wavelength, Ad,is derived from the CIE chromaticity diagram and represents the singlE!wave- 
length which defines the color of the device. 
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Notes: 


GROUND 
6-::L 
I. 
H = Logic 
High: 
L = Logic 
Low. With the enable 
input 
at logic 
high 


changes 
in BCD 
input 
logic 
levels or D.P. input 
have no effect 
upon 


display 
memory, 
displayed 
character, 
or D.P. 


2. 
The 
decimal 
point 
input. 
DP. 
pertains 
only 
to the 
4N51 
and 
4N52 


Figure 2. Block Diagram 014N51-4N54 
displays. 


Series Logic. 
3. The blanking 
control 
input, 
B, pertains 
only to the4N54 
hexadecimal 
display. 
Blanking 
input 
has no effect 
upon 
display 
memory. 
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Figure 3. Typical Blanking Control 
Figure 4. Typical Blanking Control 
Figure 5. Typical 
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Figure 7. Typical Lagle and Enable 
Low Input Current 
VB. 
Ambient Temperature. 


Figure 8. Typical 
Lagle and Enable 
High Input Current 
VB. 


Ambient 
Temperature. 


ELECTRICAL 


The 4N51-4N54 series devices use a modified 4 x 7 dot 
matrix 
of 
light 
emitting 
diodes 
(LED's) 
to 
display 
decimal/hexadecimal 
numeric information. The LED'sare 
driven by constant current drivers. BCD information 
is 
accepted by the display memory when the enable line isat 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the 
enable 
pulse 
rise time 
should 
not 
exceed 
200 
nanoseconds. 
Using the enable pulse width and data 
setup 
and 
hold 
times 
listed 
in 
the 
Recommended 
Operating Conditions 
allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking control 
input on the 4N54 display blanks 
(turns off) the displayed hexadecimal information without 
disturbing 
the contents of display memory. The display 
is blanked at a minimum threshold level of 3.5 volts. This 
may be easily achieved by using anopen coliectorTTL gate 
and a pull-up resistor. Forexample, (1/6) 7416hexinverter 
buffer/driver 
and a 120 ohm pull-up resistor will provide 
sufficient 
drive to blank eight displays. The size of the 
blanking 
pull-up 
resistor 
may be calculated 
from the 
following formula, where N is the number of digits: 


Rbl,"k= (Vcc - 3.5V)/[N (1.0mA)] 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


MECHANICAL 


4N51-4N54 series displays are hermetically tested for use 
in environments 
which require a high reliability device. 


These displays are designed and tested to meet a helium 
leak rate of 5 x 10-8 CC/SEC and a standard dye penetrant 
gross leak test. 


These displays may be mounted by soldering directly to a 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation isthrough 
the device leads. Therefore, to insu re reiiable operation up 
to an ambient temperature of +100°C, it is important to 
maintain 
a case-to-ambient 
thermal 
resistance of less 


than 35°C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 
processing 
(up to 2 minutes 
in vapors at boiling) 
or 


Freon/alcohol 
mixtures formulated for room temperature 


cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv DI-15, Genesolv DE-15. 


PRECONDITIONING 


4N51-4N54 series displays are 100%preconditioned by 24 
hour storage at 125°C. 


CONTRAST 
ENHANCEMENT 


The 4N51-4N54 displays havebeen designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an 
appropriate 
contrast 
enhancement 
filter. 
Some 


suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular 
Polarizing Filter. For 


further information see Hewlett-Packard Application Note 
964. 


Solid State Over Range Character 


For display 
applications 
requiring 
a +.1. or decimal 
point designation. 
the4N530verrangecharacteris 
available. 
Thisdisplay 
module 
comes 
in the same package 
as the 4N51-4N54 
series 
numeric 
indicator 
and is completely 
compatible 
with 
it. 


package Dimensions * 
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NOTES; 
2 
NumerelOne 


1. OIMENSfONS 
IN MllllMETRES 
AND UNCHES). 
3 
NumerelOne 
1 
X 
H 
X 
X 


2. UNLESS OTHERWISE SPECifiED, 
THE TOLERANCE 
4 
OP 
Decimal Point 
X 
X 
H 
X 
ON All 
DIMENSIONS 
IS t.38 MM (t .015 INCHES). 
5 
Open 
Blank 
L 
L 
L 
L 
6 
Open 


7 
Vcc 
NOTES: 
L: 
Line switching transistor 
in Figure 9 cutoff. 
8 
Minus/Plus 


~ 


H: 
Line switching transistor 
in Figure 9 saturated. 
X: 
'Don't 
care' 


Electrical/Optical 
Characteristics * 
4N53 
(TA =-55°Cto 
+100°C. 
Unless Otherwise 
Specified) 


DESCRIPTION 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Forward Voltage per LED 
VF 
IF ~ 10mA 
1.6 
2.0 
V 


Power dissipation 
PT 
IF -lOmA 


all diodes lit 
280 
320 
mW 


Luminous Intensity per LED (digit average) 
Iv 
'F = 6mA 
40 
85 
Tr = 25°C 
"cd 
Peakwavelength 
Apeak 
Tr 
= 25"C 
655 
nm 


Dominant Wavelength 
Ad 
TC=25OC 
640 
nm 


Weight * * 
1.0 
gm 


Recommended 
operating 
Conditions* 
Absolute 
Maximum 
Ratings * 


SYMBOL MIN NOM MAX 
UNIT 
DESCRIPTION 
SYMBOL 
MIN. 
MAX. 
UNIT 


LE0 supply voltage 
VCC 
4.5 
5.0 
5.5 
V 
Storagetemperature, ambient 
T<: 
-65 
+125 
·c 


Forward current, each LED 
IF 
5.0 
10 
mA 
Operating temperature, ambient 
TA 
-55 
+100 
·c 


NOTE: 
Forward current. each LED 
IF 
10 
mA 


LED current 
must be externally 
limited. 
Refer to Figure 9 
Rev•••.sevoltage, each LED 
VR 
4 
V 
for recommended 
resistor values. 


'JEDEC 
Registered Data. 
"Non 
Registered Data. 


Two standard reliability testing programs are available. The 
TXVB program 
is in conformance 
with Quality Level A of 
MIL-D-87157 
for hermetically 
sealed displays 
with 100% 
screening tests. A TXVB product is tested to Tables I. II. Ilia, 
and IVa. A second program is an HP modification 
to the full 
conformance 
program and offers the 100% screening por- 
tion of Level A. Table I, and Group A, Table II. 


Standard Product 
With Table I 
With Tables I, 


and II 
II. ilia and IVa 
PREFERRED PART NUMBER 
SYSTEM 
4N51 
4N51TXV 
4N51TXVB 
4N52 
4N52TXV 
4N52TXVB 
4N54 
4N54TXV 
4N54TXVB 
4N53 
4N53TXV 
4N53TXVB 
ALTERNATE 
PART NUMBER 
SYSTEM 
5082·7391 
TXV-7391 
TXVB-7391 
5082·7392 
TXV·7392 
TXVB·7392 
5082·7395 
TXV-7395 
TXV8-7395 
5082-7393 
TXV·7393 
TXV8-7393 


TABLE 
I. 


QUALITY 
LEVEL A OF MIL-D-87157 


MIL-STD·750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
- 
HP Procedure 5956-7572·52 


2. 
High Temperature Storage 
1032 
TA"" 125°C, Time"" 24 hours 


3. Temperature Cycling 
1051 
Condition 
B, 10 Cycles, 15 Min. Dwell 


4. 
Constant Acceleration 
2006 
10,000 G's at Y1 orientation 


5. 
Fine Leak 
1071 
Condition 
H 


6. Gross Leak 
1071 
Condition 
C 


7. 
Interim Electrical/Optical 
Testsl21 
- 
lv, Ice. lal. laH. IEl. IEH,IlL. and hHand 
visual function. TA "" 25° C 


8. 
Burn-lnI1,31 
1015 
Condition 
B at Vec "" 5V and cycle 
through logic at 1 character per second. 
TA"" 100°C. t"" 160 hours 


9. 
Final Electrical Testl21 
- 
Same as Step 7 


10. Delta Determinations 
- 
Alv =-20%. ~Iee "" ± 10 mA, .:lhH"" ±10/lA 
and ~IEH = ±13 Jl-A 


11. 
External Visuaillf 
2009 


Notes: 
1. Mll-STD-883 Test Method applies. 
2. limits and conditions are per the electrical/optical characteristics. 
3. Burn-in for the over range shall use Condition B at a nominal IF= 8 mA with '+1' illuminated for t = 160 hours. 


TABLE 
II 
GROUP 
A ELECTRICAL 
TESTS 
- 
MIL-D-87157 


Test 
Parameters 
LTPD 


Subgroup 1 
DC Electrical Tests at 25°CI1I 
Iv. Ice. lal, laH. IEl. IEH.hl. and hHand 
5 
visual function, TA= 25° C 


Subgroup 2 
DC Electrical Tests at High 
Same as Subgroup 1, except delete Iv and visual 
7 
Temperaturel1! 
function. TA = +1OOoC 


SUbgroup 3 
DC Electrical Tests at Low 
Same as SUbgroup 1, except delete Iv and visual 
7 
Temperaturel1] 
function. TA "" -55° C 


Subgroup 4, 5. and 6 not tested 


SUbgroup 7 
Optical and Functional Tests at 25°C 
Satisfied by SUbgroup 1 
5 


SUbgroup 8 
External Visual 
7 


• 


• 
- - 


TABLE 
ilia 
GROUP 
B, CLASS A AND 
B OF MIL-D-87157 


MIL-STD-7S0 
Tesl 
Method 
Condillons 
Sample Size 


Subgroup 1 
Resistance to Solvents 
1022 
4 Devices! 
o Failures 
Internal Visual and Mechanlcal!3] 
2014 
1 Device/ 
o Failures 


Subgroup 2[1,1} 
Solderability 
2026 
TA = 260' C for 5 seconds 
LTPD = 15 


Subgroup 3 
Thermal Shock (Temp, Cycle) 
1051 
Condition 
B. 10 Cycles. 15 Min. Dwell 
LTPD= 
15 
Moisture Resistance 
1021 
Fine Leak 
1071 
Condilion 
H 
Gross Leak 
1071 
Condition 
C 
Electrical/Optical 
Endpointsl4J 
- 
Iv. Ice. ISl. ISH,IEL. IEH,Ill. hH and 
visual function. TA = 25' C 
SUbgroup 4 
Operating Life Test (340 hrsJi5 
1027 
TA = +100'C 
at Vee = 5.0V and 
LTPD= 
10 
cycling through logic at 1 character 
per second. 
Electrical/Optical 
Endpointsl4, 
- 
Same as SUbgroup 3. 


SubgroupS 
Non-operating 
(Storage', Life 
1032 
TA=+125'C 
LTPD= 
10 
Test (340 hrs,) 
Electrical/Optical 
Endpointsi4' 
- 
Same as Subgroup 3 


1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used, 
2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required, 


3. MIL-STD-883 methods apply. 
4. Limits and conditions 
are per the electrical/optical 
characteristics. 
5. Burn-in for the over range shall use Condition 
B at a nominal IF= 8 mA with '+1' illuminated for t = 160 hours. 


TABLE 
IVa 


GROUP 
C, CLASS A AND 
B OF MIL-D-87157 


MIL-STD-750 
Sample 


Test 
Method 
CondlUons 
Size 


Subgroup 
1 
Physical Dimensions 
2066 
2 Devices! 
o Failures 


Subgroup 
2[2,7] 
LTPD=15 


Lead Integrity 
2004 
Condition 
B2 


Fine Leak 
1071 
Condition H 


Gross Leak 
1071 
Condition 
C 


Subgroup 3 
Shock 
2016 
1500G, Time'" 
0.5 ms, 5 blows In 
l.TPD= 
15 
each orientation 
Xl, Yl, Y2 


Vibration, Variable Frequency 
2056 


Constant Acceleration 
2006 
10,OOOGat Yl orientation 


External Visuall41 
1010 or 1011 


Electrical/Optical 
EndpointslS) 
- 
lv, Ice, ISL, ISH,IEL, IEH,ilL, IIHand vis- 
ual Function, TA = 25·C 


Subgroup 
4£1.3] 
Salt Atmosphere 
1041 
LTPD= 
15 


External Visuall41 
1010 or 1011 


SUbgroup 
5 
Bond StrengthlSI 
2037 
Condition 
A 
LTPD=20 


(C=O) 


Subgroup 6 
,\ = 10 
Operating Life Testl6) 
1026 
TA=+100·C 


Electrical/Optical 
Endpointsl8l 
- 
Same as Subgroup 3 


1. 
Whenever electrical/optical 
tests are not required as endpoints. 
electrical 
rejects may be used. 
2. 
The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 


3. 
Solderability 
samples shall not be used. 


4. 
Visual requirements 
shall be as specified 
in MIL-STD-883, 
Methods 
1010 or 1011. 


5. 
Displays may be selected prior to seal. 


6. 
:f a given inspection 
lot undergoing 
Group B inspection 
has been selected to satisfy Group C inspection 
requirements, 
the 340 hour life tests 


may be continued 
on test to 1000 hours in order to satisfy the Group C Life Test requirements. 
In such cases, either the 340 hour endpoint 


measurements 
shall be made a basis for Group B lot acceptance 
or the 1000 hour endpoint 
measurement 
shall be used as the basis for both 


Group B and Group C acceptance. 


7. 
MIL-STD-883 
test method 
applies. 


8. 
Limits and conditions 
are per the electrical/optical 
characteristics. 


I· 
- - 


rh~ HEWLETT 
~~ 
PACKARD 


Features 


• THREE 
COLORS 
High-Efficiency 
Red 
Yellow 
High Performance 
Green 


• THREE 
CHARACTER 
OPTIONS 
Numeric 
Hexadecimal 
Over Range 


• TWO HIGH-EFFICIENCY 
RED OPTIONS 
Low Power 
High Brightness 


• PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 


• MEMORY 
LATCH/DECODER/DRIVER 
TTL Compatible 


• 4x7 DOT MATRIX 
CHARACTER 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
YELLOW 
AND 
GREEN CATEGORIZED 
FOR COLOR 
Use of Like Categories 
Yields a Uniform 
Display 


HEXADECIMAL AND NUMERIC 
DISPLAYS FOR INDUSTRIAL APPLICATIONS 


HIGH EFFICIENCYRED 
LOw Power 
HDSP-0760/0761/0762/0763 
High Brightness 
HOSP-0770/0771/0772/0763 
YELLOW 
HOSP-0860/0861/0862/0863 
GREEN 
HOSP-0960/0961/0962/0963 


Description 


These solid state display devices are designed and tested 
for use in adverse industrial environments. The character 
height is 7.4mm (0.29 inch). The numeric and hexadecimal 
devices incorporate an on-board IC that contains the data 
memory, decoder and display driver functions. 


The numeric 
devices decode positive 
BCD logic 
into 
characters "0-9", a "-" 
sign, decimal point, and a test 
pattern. The hexadecimal devices decode positive BCD 
logic into 16characters, "0-9, A-F". An input is provided on 
the hexadecimal devices to blank the display (all LED's 
off) without losing the contents of the memory. 


The over range device displays 
"±1" 
and right 
hand 
decimal point and is typically driven via external switching 
transistors. 


Part Number 
Front 
HDSP- 
Color 
Description 
View 
0760 
Numeric. Right Hand DP 
A 
0761 
High-Efliciency 
Red 
Numeric. Left Hand DP 
B 
0762 
Low Power 
Hexadecimal 
C 
0763 
Over Range :::1 
D 
0770 
High-EffiCiency Red 
Numeric. Right Hand DP 
A 
0771 
Numeric, Left Hand DP 
B 
0772 
High Brightness 
Hexadecimal 
C 
0763 
Over Range :t1 
D 
0860 
Numeric, Right Hand DP 
A 
0861 
Yellow 
Numeric, Left Hand DP 
B 
0862 
Hexadecimal 
C 
0863 
Over Range ±1 
D 
0960 
Numeric, Right Hand DP 
A 
0961 
Green 
Numeric. Left Hand DP 
B 
0962 
HexadeCimal 
C 
0963 
Over Range ±1 
D 
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FUNCTION 


NUMERIC 
i 
HEXA· 


I 
DECIMAL 


InputZ 


Input 4 


InputS 


Blanking 
contro1 
latch 
e-nabte 


Ground 


V" 
Input 1 


NOTES: 
1. Dimensions in millimetresand 
(inches). 


2. 
Vertical 
digit 
center 
line is:!: .51mm 
(± .02") 


from 
vertical 
package 
center 
line. 


3. 
HDSp·0860 
and 
HDSP·0960 
Series. 


TRUTH TASLE 


NUMERIC 


... 
H.::; 


l 
'I 


Notes: 
1. 
H = Logic 
High; 
L = Logic 
Low. 
With 
the 
enable 
input 
at logic 
high 
changes 
in BCD 
input 
logic 
levels 
have 
no effect 
upon 
display 
memory, 
displayed 
character, 
or DP. 


2. 
The decimal 
point 
input, 
DP, pertains 
only 
to the 
numeric 
displays. 


3. 
The 
blanking 
control 
input, 
B, pertains 
only 
to the 
hexadecimal 
displays. 
Blanking 
input 
has no effect 
upon 
display 
memory. 


) 
H 


(6lANKl 


• 
ISLANK) 


H 
18'ANK) 


ON 


OFF 


LOAD 
DATA 


LATCH 
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DISPLAY.()N 


DISPLAY·OFF 
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Description 
Symbol 
Min. 
Max. 
Unit 


Storage temperature. 
ambient 
Ts 
-65 
+100 
°C 


Operating 
temperature. 
ambient 
1) 
TA 
-55 
+70 
°C 


Supply voltage 
21 
Vcc 
-0.5 
+7.0 
V 


Voltage applied 
to input logic. dp and enable pins 
V"Vop,Vr. 
-0.5 
Vcc 
V 


Voltage applied to blanking 
input 121 
VB 
-0.5 
Vcc 
V 


Maximum 
solder temperature 
at 1.59mm (.062 inch) 
260 
°C 
below seating plane; t <;;;; 5 seconds 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage 121 
Vcc 
4.5 
5.0 
5.5 
V 


Operating 
temperature. 
ambient 
111 
T. 
-55 
+70 
°C 


Enable Pulse Width 
tv, 
100 
nsec 


Time data must be held before positive transition 
tsEfl'P 
50 
nsec 
of enable line 


Time data must be held after positive transition 
tHOLD 
50 
nsec 
of enable line 


Enable pulse rise time 
t'LH 
1.0 
msee 


Device 
Description 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Luminous 
Intensity 
per LED 
Iv 
65 
140 
/led 
(Digit Average}IS,4) 


HDSp·0760 
635 
Series 
Peak Wavelength 
APEAK 
nm 
Dominant 
Wavelength'S) 
Ad 
626 
nm 
Luminous 
Intensity 
per LED 
Iv 
260 
620 
/led 
HDSP-0770 


(Digit Average,ISAI 


Series 
Peak Wavelength 
APEAK 
635 
nm 


Dominant 
WavelengthlS 
Ad 
626 
nm 
Luminous 
Intensity 
per LED 
Iv 
215 
490 
/led 
HDSp·0860 


(Digit Averagel13AI 


Series 
Peak Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelengthf5.6! 
Ad 
585 
nm 
Luminous 
Intensity 
per LEO 
Iv 
298 
1100 
/led 
HDSP·0960 


(Digit 
Averagel'SA! 


Series 
Peak Wavelength 
APEAK 
568 
nm 


Dominant 
Wavelengthl5.6, 
Ad 
574 
nm 


Notes: 
1. The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is R8JA= 50°ClWldevice. 


The device package thermal resistance is R8J·PIN= 15°ClWldevice. 
The thermal resistance device pin-to-ambient 
through the PC 
board should not exceed 35°C/W/device 
for operation at TA = +70°C. 


2. Voltage values are with respect to device ground, pin 6. 
3. These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature of the device immediately prior to the light measurement is equal to 25° C. 


Electrical Characteristics; TA = DOC to +7DoC 


Description 
Symbol 
Teat Conditions 
Min. 
Typ.l71 
Max. 
Unit 


Supply 
HDSP-0760 Series 
Ice 
Vee = 5.5V 
78 
105 
Current 
HDSP-0770 Series 
(Numeral 5 and 
mA 
HDSP-0860 Series 
DP Illuminated) 
120 
175 
HDSP-0960 Series 


Power 
HDSP-0760 Series 
PT 
Vee = 5.5V 
390 
573 
Dissipation 
HDSP-0770 Series 
(Numeral 5 and 
mW 
HDSP-0860 Series 
DP Illuminated) 
690 
963 


HDSP-0960 Series 


Logic, Enable and Blanking 
VIL 
0.8 
V 
Low-Level Input Voltage 


Logic, Enable and Blanking 
VIH 
Vee = 4.5V 
2.0 
V 
High-Level Input Voltage 


Logic and Enable 
IlL 
Vee = 5.5V 
-1.6 
mA 
Low-Level Input Current 


~ 


Blanking Low~Level Input Current 
leL 
VIL = O.4V 
fJA 
Logic, Enable and Blanking 
hH 
Vee = 5.5V 
fJA 
High-Level Input Current 
VIH= 2.4V 


Weight 
1.0 
gm 


Leak Rate 


...~. 
5x1D-8 
cc/sec 


Notes: 
4. Theluminousintensityataspecificoperatingambienttemperature,Iv(TAlmaybeapproximatedfromthefollowingexpotentialequation: 


Iv (TA= Iv (250C)elkITA - 2soCil. 


Devle:. 
K 
HDSP-0760Series 
-O.0131/oC 
HDSP-0770Series 
HDSP·0860series 
-O.0112/oC 
HDSP-0960series 
-O.0104rC 
5. Thedominant wavelength,Ad, is derivedfrom the CIEChromaticityDiagramandis thatsinglewavelengthwhichdefinesthecolor of 


the device. 


6. The HDSP-0860andHDSP-0960seriesdevicesarecategorizedasto dominantwavelengthwith thecategorydesignatedbyanumber 


on the back side of the display package. 
7. All typical valuesat Vcc = 5.0Vand TA= 25°C. 


Operational Considerations 


ELECTRICAL 


These devices use a modified 
4 x 7 dot matrix of light 
emitting 
diode to display decimal/hexadecimal 
numeric 


information. 
The high efficiency red and yellow LED's are 
GaAsP epitaxial layer on a GaP transparent substrate. The 
green LED's are GaP epitaxial layer on a GaP transparent 
substrate. 
The 
LED's are driven 
by constant 
current 
drivers, 
BCD 
information 
is accepted 
by the display 
memory when the enable line is at logic low and the data is 
latched when the enable is at logic high. Using the enable 
pulse width and data setup and hold times listed in the 
Recommended 
Operating 
Conditions 
allows data to be 
clocked into an array of displays at a 6.7 MHz rate. 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


The blanking control input on the hexadecimal displays 
blanks 
(turns 
off) 
the 
displayed 
information 
without 
disturbing the contents of display memory. The display is 
blanked at a minimum threshold level of 2.0 volts. When 
blanked, the display standby power is nominally 250 mW 
at TA = 25°C. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature 
of +700 C, it is important 
to 


maintain 
a case-to-ambient 
thermal 
resistance of less 


than 35° C watt/device 
as measured on top of display 


pin 3. 


Post solder cleaning may be accomplished 
using water, 


Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 


processing 
(up to 2 minutes 
in vapors at boiling) 
or 
Freon/alcohol 
mixutres formulated for room temperature 
cleaning. 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 


Genesolv 01-15, Genesolv OE-15. 


These 
display 
devices 
are 
designed 
to 
provide 
an 
optimum 
ON/OFF 
contrast 
when 
placed 
behind 
an 
appropriate 
contrast 
enhancement 
filter. The following 


filters are suggested: 


HIGH 
EFFICIENCY 
RED 
Panelgraphic Ruby Red 60 
Chequers Red 112 
3M Light Control Film 


• 


YELLOW 
Absolute Maximum Ratings 
Panelgraphic 
Yellow 
27 
Description 
Symbol 
Min. 
Max. 
Unit 
Chequers 
Amber 
107 
3M Light 
Control 
Film 
Storage Temperature, 
Ts 
-65 
+100 
°C 
Ambient 


GREEN 
Operating 
Temperature 
TA 
-55 
+70 
°C 
Ambient 
Panelgraphic 
Green 
48 
Forward 
Current, 
.. 


Chequers 
Green 
107 
Each LEO 
IF 
10 
mA 


3M Light 
Control 
Film 
Reverse Voltage, 
VR 
5 
V 
Each LEO 


For many 
applications 
a neutral 
density 
gray filter 
in either 
plastic, 
circular 
polarizer 
or optically 
coated 
glass will 
pro- 
=7 
Vcc 
: 5.0V 
r---------- 
----------.., 


vide the 
needed 
contrast 
enhancement. 
Suggested 
plastic 
I 


NUMERAL 
ONE 
MINUS 
PLUS 
PLUS 
I 
...---'----, 
...---'----, 
neutral 
density 
gray 
filters 
are 
Panelgraphic 
Gray 
10, 
I 
;p 
I 


Chequers 
Gray 
105, or 
Polaroid 
HNCP37. 
The 
optically 
I 
'7 
~ 
~ 
7 
~ 
I 


coated 
glass/circular 
polarized 
HNCP10 
filter 
by Polaroid 
I 
'7 
'7 
~ 
~ 
~ 
~ 
I 


provides 
superior 
contrast 
enhancement 
for 
very 
bright 
I 
I 


ambients. 
I 
-- 
-~ 
I 


L_ 
...-----< ---- 
--- ---- 
---' 
=3 
=2 
#. 
=8 
=, 


Over Range Character 


R, 
R, 
R, 
R, 
R, 


The 
over 
range 
devices 
display 
"±1" 
and 
decimal 
point. 


~ 


The 
character 
height 
and 
package 
configuration 
are the 
same 
as the numeric 
and hexadecimal 
devices, 
Character 
selection 
is obtained 
via 
external 
switching 
transistors 
":" 
":" 
":" 


and 
current 
limiting 
resistors. 


Figure 3. Typical Driving Circuit 


package Dimensions 


G '02 
I 
D 
(.400) MAX. __ 
Pin 
Function 
RecOmmended 
~,L,"§'''§' 
1 
Plus 


11- 
~(,.5 


t 1 


2 
Numeral 
One 
Operating Conditions 
Vcc = 5.QV 
_. 
(.06) 
3 
Numeral 
One 
7.4 
4.8 
• 
I 


1.291 1.191 . '*-r 
4 
DP. 
Forward 
Resistor Value 
IT 
---a-+. 
i 
48 
13.5~)'r 


5 
Open 
Device 
Current 
Per 


'.9 ~.ri~ 
6 
Open 
LED, mA 
R, 
R2 
R3 


.07SQ 
3.8 
Low Power 
2.3 
1300 
200 
300 
1.151 
7 
Vcc 
HDSP-0763 
High 
'1' '2'I'3' 'i 
8 
Minus/Plus 
Brightness 
8 
360 
47 
68 


FRONT VIEW 
HDSP-0863 
8 
360 
36 
56 
HDSP-0963 
8 
360 
30 
43 
Note: 
1. Dimensions 
in millimetres 
and (inches). 


Character 
luminous Intensity Per lED 
Pin 
1 
2,3 
4 
8 
(Digit 
Average)13,41 
at TA = 25°C 


+ 
1 
X 
X 
1 
Device 
Test Condillons 
Min. 
Typ. 
Units 
- 
0 
X 
X 
1 
IF = 2.3 mA 
65 
140 
I'cd 
1 
X 
1 
X 
X 
HDSP-0763 
IF - 
8 mA 
620 
I'cd 
Decimal 
Point 
X 
X 
1 
X 
HDSP·0863 
IF - 
8 mA 
215 
490 
I'cd 
Blank 
0 
0 
0 
0 
HDSP·0963 
IF - 
8 mA 
298 
1100 
I'cd 


Notes: 
0: Line switching 
transistor 
in Figure 7 cutoff. 


1: Line switching 
transistor 
in Figure 7 saturated. 


X: 'don't care' 


Electrical Characteristics; TA = DOC to +7DoC 


Device 
Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


HDSP-0763 
Power Dissipation 
IF = 2.8 mA 
72 


tall LED's Illuminated 
I 
Pr 
IF =8 
mA 
224 
282 
mW 


Forward Voltage 
IF = 2.8 mA 
1.6 
per LED 
VF 
V 


IF = 8 mA 
1.75 
2.2 


HDSP-0863 
Power Dissipation 
Pr 
237 
282 
mW 
<all LED's Illuminated 


Forward Voltage 


IF = 8 mA 


per LED 
VF 
1.90 
2.2 
V 


HDSP-0963 
Power Dissipation 
Pr 
243 
282 
mW 
fall LED's Illuminated 
I 


IF=8 
mA 
Forward Voltage 
per LED 
VF 
1.85. 
2.2 
V I· 
- - 


HERMETIC, HEXADECIMAL 
AND NUMERIC 
DISPlA YS FOR MILITARY APPLICATIONS 
Flin- HEWLETT 
~e.PACKARD 
HIGH EFFICIENCYRED 
Low Power 
HDSP-078X/078XTXV 
/078XTXVB 


High Brightness 
HDSP-079X/079XTXV 
/079XTXVB 


YELLOW 
HDSP-088X/088XTXV 
/088XTXVB 


Features 


• 
CONFORM 
TO MIL-D-87157, 
QUALITY 
LEVEL A 
• 
HERMETICALLY 
SEALED 
• 
TXV AND TXVB VERSIONS 
AVAILABLE 
• 
THREE 
CHARACTER 
OPTIONS 
Numeric 
Hexadecimal 
Over Range 
• 
4 x 7 DOT 
MATRIX 
CHARACTER 
• 
HIGH 
EFFICIENCY 
RED AND YELLOW 
• 
TWO 
HIGH 
EFFICIENCY 
RED OPTIONS 
Low Power 
High Brightness 
• 
PERFORMANCE 
GUARANTEED 
OVER 
TEMPERATURE 
• 
HIGH 
TEMPERATURE 
STABILIZED 
• 
GOLD 
PLATED 
LEADS 
• 
MEMORY 
LATCH/DECODER/DRIVER 
TTL Compatible 
• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 


These displays are hermetic, solid state numeric and hex- 
adecimal 
indicators 
with on-board 
decoder/drivers 
and 
memory. They are designed and tested for use in military 
and aero-space applications. The character height is 7.4 
mm (0.29 inchl. The TXVB versions of these products con- 
form to Quality 
Level A of MIL-D-87157, 
the general 
specification for light emitting diode displays. 


The 
numeric 
devices 
decode 
positive 
BCD logic 
into 
characters 
"0-9", a "-" 
sign, decimal 
point, and a test 
pattern. The hexadecimal 
devices decode positive BCD 
logic into 16characters, "0-9, A-F". An input is provided on 
the hexadecimal devices to blank the display (all LEOs off) 
without losing the contents of the memory. 


The 
over 
range device 
displays 
"±1" 
and right 
hand 
decimal point and is typically driven via external switching 
transistors. 


Part Number 
Front 
HDSP- 
Color 
Description 
View 


0781/0781 
TXV/0781TXVB 
Numeric, Right Hand DP 
A 
078210782TXv/0782TXVB 
High-Efficiency Red 
Numeric, Left Hand DP 
B 
0783/0783TXV/0783TXVB 
Low Power 
Over Range ±1 
C 
0784/0784TXV/0784TXVB 
Hexadecimal 
0 
0791/0791TXv/0791TXVB 
Numeric, Right Hand DP 
A 
079210792TXv/0792TXVB 
High-Efficiency Red 
Numeric, Left Hand DP 
B 
0783/0783TXV 
10783TXVB 
High Brightness 
Over Range ±1 
C 
0794/0794 
TXV10794TXVB 
Hexadecimal 
0 


0881/0881 
TXV10881 TXVB 
Numeric, Right Hand DP 
A 
088210882TXv/0882TXVB 
Yellow 
Numeric, Left Hand DP 
B 
0883/0883TXv/0883TXVB 
Over Range ±1 
C 
0884/0884TXVI0884TXVB 
Hexadecimal 
D 
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FUNCTION 


HEXA· 


DECIIIIAL 


InpUl2 


Input 4 


Input 8 


Decimal 
point 


Latch 
enable 
Ground 


V~~ 
Input 1 


InpUt 2 


Input 4 


Input 8 


Blankmg 
control 
latch 
enable 


Ground 


V~~ 


Input 
1 


Notes: 
1. 
Dimensions 
in millimetres 
and 
(inches). 


2. 
Unless 
otherwise 
specified. 
the 
tolerance 


on 
all dimensions 
is :!:.38 mm 
(+.015"). 


3. 
Digit 
center 
line 
is ~.25 
mm 
(± .01") 
from 
package 
center 
line. 


4. 
lead 
material 
is gold 
plated 
copper 


alloy. 


5. 
Color 
code 
for 
HDSp·088X 
series. 


t±.... 
.m~F 


VOl" -L 


VOp 
•• t-l 


VE 
to L 


Ye 
• H 


'Va 
··l 


Va 
-H 


Notes: 
1. 
H = logic 
High; l:: 
logic 
low. 
With the enable 
input 
at logic high 


changes 
in BCD input 
logic levels have no effect 
upon 
dIsplay 


memory. 
displayed 
character. 
or DP. 
2. 
The decimal 
point 
input. 
DP. pertains 
only 
to the numeric 
displays. 


3. 
The blanking 
control 
input, 
B. pertains 
only 
to the hexadecimal 
displays. 
Blanking 
input 
has no effect 
upon 
display 
memory. 
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H 


H 


ON 


OFF 


lOAD 
DATA 


LATCH 
OATA 


OlSPlAY·ON 


OISPLAY 
OFF 
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Description 
Symbol 
Min. 
Max. 
Unit 


Storage 
temperature, 
ambient 
Ts 
-65 
+125 
·C 


Operating 
temperature, 
ambient 
1 
T4 
-55 
+100 
·C 


Supply 
voltage [2j 
Vcc 
-0.5 
+7.0 
V 


Voltage 
applied 
to input logic, dp and enable pins 
V"Vop,V£ 
-0.5 
V" 
V 


Voltage 
applied 
to blanking 
input!21 
VB 
-0.5 
Vcc 
V 


Maximum 
solder temperature 
at 1.59mm (.062 inch) 
260 
·C 
below seating 
plane; t ,;;;5 seconds 


Descrlptlon 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Supply 
Voltage [2j 
Vcc 
4.5 
5.0 
5.5 
V 


Operating 
temperature, 
ambient 
:' 
T, 
-55 
+100 
·C 


Enable Pulse Width 
tw 
100 
nsec 


Time data must be held before positive 
transition 
hut'P 
50 
nsee 
of enable 
line 


Time data must be held after positive 
transition 
tHOU) 
50 
nsec 
of enable 
line 


Enable pulse rise time 
tllH 
10 
msec 


Device 
Descrlplion 
Symbol 
Min. 
Typ. 
Max. 
Unit 


luminous 
Intensity 
per LED 
Iv 
65 
140 
,<led 
HDSp·078X 


,Digit 
Average 
[3.41 


Series 
Peak Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelength:S; 
Ad 
626 
nm 


Luminous 
Intensity 
per lED 
Iv 
260 
620 
,<lcd 


HDSP-079X 
Digit Average 
[34: 


Series 
Peak Wavelength 
APEAK 
635 
nm 


Dominant 
Wavelength'S] 
Ad 
626 
nm 


luminous 
Intensity 
per lED 
Iv 
215 
490 
,<led 


HDSP-088X 


IDigit Average 1[34.• 


Senes 
Peak Wavelength 
APEAK 
583 
nm 


Dominant 
Wavelength[s.6: 
Ad 
585 
nm 


Notes: 
1 
The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is ROJA= 50°C/W/device. 
The device package thermal resistance is ROJ-PIN= 15°C/W/dev;ce. 
The thermal resistance device pin-to-ambient 
through the PC 
board should not exceed 35°C/W/device 
for operation at TA = +100°C. 
2. Voltage values are with respect to device ground. pin 6. 
3. These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature of the device immediately prior to the light measurement is equal to 25° C. 


Description 
Symbol 
Test Conditions 
Min. 
Typ.£7l 
Max. 
Unit 


Supply 
HDSP-Q78XSeries 
Ice 
Vcc=5.5 
V 
78 
105 
Current 
HDSP-Q79XSeries 
(Numeral 5 and 
120 
175 
mA 
HDSP-Q88XSeries 
DP Illuminated) 


Power 
HDSP-Q78XSeries 
Pr 
Vcc= 
5.5 V 
390 
573 
Dissipation 
HDSP-Q79XSeries 
(Numeral 5 and 
690 
963 
mW 
HDSP-Q88XSeries 
DP Illuminated) 


Logic, Enable and Blanking 
VIL 
0.8 
V 
Low-Level Input Voltage 
Vcc=4.5 
V 


Logic, Enable High-Level 
VIH 
2.0 
V 


Input Voltage 


Blanking High Voltage; 
VaH 
2.3 
V 
Display Blanked 


Logic and Enable 
III 
Vcc = 5.5 V 
-1.6 
mA 


Low-Level Input Current 


Blanking Low-Level Input Current 
ISL 
VIL=0.4 
V 
-10 
IJ-A 


Logic, Enable and Blanking 
hH 
Vcc=5.5V 
+40 
IJ-A 
High-Level Input Current 
VIH= 2.4 V 


Weight 
1.0 
gm 


Leak Rate 
5 x ,o-a 
cc/sec. 


Notes: 
4. Theluminousintensityataspecificoperatingambienttemperature.IV(TAlmaybeapproximatedfromthefollowingexpotentialequation: 


Iv TA= Iv 125°C,e k T.-25·C 
. 


Device 
K 
HDSP-078XSeries 
-0.0131/oC 
HDSP-079XSeries 
HDSP-088XSeries 
-0.0112/°C 


5. The dominant wavelength.Ad.is derivedfrom the CIE Chromaticity Diagramand is that singlewavelengthwhich definesthecolor 
of the device. 


6. The HDSP-088Xseriesdevicesare categorizedas to dominant wavelengthwith the categorydesignatedby a numberon the back 
side of the display package. 


7. All typical valuesat Vcc = 5.0Vand TA= 25°C. 


operational 
Considerations 


ELECTRICAL 


These devices use a modified 4 x 7 dot matrix of light 
emitting diodes to display decimal/hexadecimal 
numeric 
information. The high efficiency red and yellow LEDs are 
GaAsP epitaxial layer on a GaP transparent substrate. The 
LEDs are driven by constant current drivers, BCD informa- 
tion is accepted by the display memory when the enable 
line is at logic low and the data is latched when the enable 
is at logic high. Using the enable pulse width and data 
setup and hold times listed in the Recommended Operat- 
ing Conditions allows data to be clocked into an array of 
displays at a 6.7 MHz rate. 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


The blanking 
control 
input on the hexadecimal displays 
blanks 
(turns 
off) 
the 
displayed 
information 
without 


disturbing 
the contents of display memory. The display is 
blanked at a minimum threshold 
level of 2.0 volts. When 


blanked. the display standby power is nominally 2S0 mW 
at TA = 2SoC. 


These displays are hermetically sealed for use in environ- 
ments that require a high reliability device. These displays 
are designed and tested to meet a helium leak rate of S x 
10-8 cc/sec. 


These displays may be mounted by soldering directly to a 
printed circuit board or inserted into a socket. The lead-to- 
lead pin spacing is 2.S4 mm (0.100 inch) and the lead row 
spacing is lS.24 mm (0.600 inch). These displays may be 
end stacked with 2.S4 mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat S08-AG8D (one digit. right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature 
of +70°C, 
it is important 
to 
maintain 
a base-to-ambient 
thermal 
resistance 
of less 
than 3SoC watt/device 
as measured on top of display 
pin 3. 


Post solder cleaning 
may be accomplished 
using water, 


Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 
processing 
(up to 2 minutes 
in vapors 
at boiling) 
or 


• 


' 
- - 


Freon/alcohol 
mixtures 
formulated 
for 
room 
temperature 
Character 
Pin 
cleaning, 
Suggested 
solvents: 
Freon 
TF, 
Freon 
TE, 
Gene- 
1 
2,3 
4 
8 


solv 
DI-15, 
Genesolv 
DE-15, 
+ 
1 
X 
X 
1 
- 
0 
X 
X 
1 
PRECONDITIONING 
1 
X 
1 
X 
X 


These 
displays 
are 
100% 
preconditioned 
by 24 hour 
stor- 
Decimal 
Point 
X 
X 
1 
X 


age at 125° C, 
Blank 
0 
0 
0 
0 


CONTRAST 
ENHANCEMENT 
Notes: 
0: Line switching 
transistor 
in Figure 
7 cutoff. 


These 
display 
devices 
are 
designed 
to 
provide 
an 
1: Line switching 
transistor 
in Figure 
7 saturated. 


X: 'don't 
care' 


optimum 
ON/OFF 
contrast 
when 
placed 
behind 
an 
appropriate 
contrast 
enhancement 
filter, 
The 
following 
Absolute Maximum Ratings 
filters 
are 
suggested: 


HIGH 
EFFICIENCY 
RED 
Description 
Symbol 
Min. 
Max. 
Unit 


Panelgraphic 
Scarlet 
Red 65 
Storage 
Temperature, 
Ts 
-65 
+125 
°C 
SGL 
Homalite 
Hl00-1670 
Ambient 


3M Louvered 
Filter 
R6310 
Operating 
Temperature 
TA 
-55 
+100 
°C 
Ambient 


YELLOW 
Forward 
Current, 
IF 
10 
mA 
Each LED 
Panelgraphic 
Yellow 
27 
Reverse Voltage, 
VR 
5 
V 
SGL 
Homalite 
H100-1720 
Each LEO 
3M Louvered 
Filter 
A5910 


For many 
applications 
a neutral 
density 
gray 
filter 
in either 
=7 
Vcc 
'" 5.0V 
r---------- 
----------., 


plastic, 
circular 
polarizer 
or optically 
coated 
glass 
will 
pro- 
I 


NUMERAL 
ONE 
MINUS 
PLUS 
PLUS 
I 
r---'----, 
~ 
vide 
the 
needed 
contrast 
enhancement. 
Suggested 
plastic 
I 
d.p. 
I 


neutral 
density 
gray 
filters 
are Panelgraphic 
Gray 
10, SGL 
I 
7 
, 
, 
, 
, 
, 
I 


Homalite 
Hl00-1266 
or 
3M 
N0220, 
The 
optically 
coated 
I 
7 
, 
, 
I 


glass/circular 
polarized 
SUNGARD 
filter 
by Optical 
Coat- 
I 
I 


ing 
Laboratory, 
Inc., 
or 
the 
HNCP10 
filter 
by 
Polaroid, 
I 
~- 
-~ 
I 


provides 
superior 
contrast 
enhancement 
for 
very 
bright 
l.._ 
---- 
---- 
--- 
.----~ ----' 


=3 
=2 
=4 
=8 
=, 
ambients. 


A, 
A, 
A, 
A3 
A3 


Over Range Character 
~ 
The 
over 
range 
devices 
display 
"±1" 
and 
decimal 
point. 
.". 
.". 
.". 
The 
character 
height 
and 
package 
configuration 
are 
the 


same 
as the 
numeric 
and 
hexadecimal 
devices. 
Character 


selection 
is 
obtained 
via 
external 
switching 
transistors 
Figure 3. Typical Driving Circuit 


and 
current 
limiting 
resistors. 


Recommended 
Package Dimensions 
Operating Conditions 
Vcc 
= 5.0V 


FRONT VIEW 
C 
Forward 
Resistor 
Value 
Device 
Current 
Per 


___(~O~l 
MAX. __ 
LEO, mA 
R, 
R2 
R3 


Pin 
Function 
Low Power 
23 
1300 
200 
300 
1~,.l,I'§""§" 
1 
Plus 
HDSP-0783 
High 
47 
68 
I 


8 
360 


T 
- 
r . ',5 
2 
Numeral 
One 
Brightness 


-L 
_. 
:'1.f)6) 
3 
Numeral 
One 
HOSP-0883 
8 
360 
36 
56 


7.4 
4.8 -+, :_1- ---.-- 
1.2911.'91 
48 
13.5 
4 
DP. 
.- 
•....+...-r 


I 
~•... - (.i91 1.531 
5 
Open 
Luminous Intensity 
Per LED 
1.9 5 +- I~.--L 


6 
Open 
,0751: 
~+_ 
3.8 
I 


(.15) 
, 
7 
Vcc 
(Digit 
Average) 
at 
TA = 25°C 


'T 'T''T 'i 
8 
MinUS/Plus 
Device 
Test Conditions 
Min. 
Typ. 
Units 


IF; 
23 
mA 
65 
140 
!led 
HDSP-0783 
IF - 8 mA 
620 
!lcd 
Note: 
1 
Dimensions 
in millimetres 
and I inches I. 
HDSP-0883 
IF; 
8 mA 
215 
490 
!lcd 


Device 
Description 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


HOSP-0783 
Power Dissipation 
IF = 2.8 mA 
72 
(all LEOs Illuminated) 
PT 
IF = 8 mA 
224 
282 
mW 


Forward 
Voltage 
IF'" 2.8 mA 
1.6 
per LED 
VF 
V 
IF'" 8 mA 
175 
22 


HDSP-Q883 
Power Dissipation 
Pr 
237 
282 
mW 
(all LEDs Illuminated) 


IF = 8 mA 
Forward 
Voltage 
VF 
1.90 
2.2 
V 
per LED 


WlIhTable 
I 
With Tables I, 
Standard Product 
and II 
II, ilia and IVa 


HDSP-078X 
HDSP-078XTXV 
HDSP-078XTXV8 


HDSP-079X 
HDSP-079XTXV 
HDSP-079XTXV8 


HDSP-088X 
HDSP-088XTXV 
HDSP-088XTXV8 


Two standard reliability testing programs are available. The 
TXVB program 
is in conformance 
with Quality 
Level A of 


MIL-D-87157 
for hermetically 
sealed displays 
with 
100% 
screening tests. A TXVB product is tested to Tables I, II, lila, 
and IVa. A second program is an HP modification 
to the full 


conformance 
program and offers the 100% screening 
por- 


tion of Level A, Table I, and Group A, Table II. 


TABLE 
I. 


QUALITY 
LEVEL A OF MIL-D-87157 


MIL-STD-750 
Test Screen 
Method 
Conditions 


1. Precap Visual 
- 
HP Procedure 5956-7572-52 


2. 
High Temperature 
Storage 
1032 
TA = 125°C, Time'" 
24 hours 


3. 
Temperature 
Cycling 
1051 
Condition 
B, 10 Cycles, 15 Min. Dwell 


4. 
Constant Acceleration 
2006 
10,000 G at V1 orientation 


5. 
Fine Leak 
1071 
Condition 
H 


6. 
Gross Leak 
1071 
Condition 
C 


7. 
Interim Electrical/Optical 
Testsl2; 
- 
lv, Ice, IBL, IBH,IEL, IEH,ItL, and ItH and 
visual function. TA '" 25° C 


8. 
Burn-In: I, 3: 
1015 
Condition 
8 at Vee = 5V and cycle 
through logic at 1 character per second, 
TA = 100°C, t = 160 hours 


9, 
Final Electrical Testi2J 
- 
Same as Step 7 


10, Delta Determinations 
- 
j,lv = -20%. j,lee = ± 10 mA, j,hH = ±10/JA 
and j,IEH = ±13/JA 


11. External Visual" 
2009 


Notes: 
1. MIL-STD-883 
Test Method applies. 


2. 
Limits and conditions 
are per the electrical/optical 
characteristics. 


3. 
Burn-in for the over range display shall use Condition 
B at a nominal IF= 8 mA with '+1' illuminated 
for t = 160 hours. 


• 


TABLE 
II 
GROUP 
A ELECTRICAL 
TESTS - 
MIL-D-87157 


Test 
Parameters 
LTPD 


Subgroup 
1 
DC Electrical Tests at 25°C' 
Iv. Ice. IBl. IBH.IEL. IEH.Ill. and hHand 
5 
visual function. TA = 25° C 


Subgroup 2 
DC Electrical Tests at High 
Same as Subgroup 
1. except delete Iv and visual 
7 


TemperatureJl , 
function. TA = +100° C 


SUbgroup 3 
DC Electrical Tests at low 
Same as Subg roup 1. except delete Iv and visual 
7 


Temperature"! 
function. 
TA = -55°C 


Subgroup 4, 5, and 6 not tested 


Subgroup 7 
Optical and Functional Tests at 25° C 
Satisfied by Subgroup 
1 
5 


Subgroup 8 
External Visual 
7 


TABLE 
ilia 
GROUP 
B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test 
Method 
Conditions 
Sample Size 


SUbgroup 1 
Resistance to Solvents 
1022 
4 Devices/ 
o Failures 
Internal Visual and Mechanicall3, 
2014 
1 Device/ 
o Failures 


Subgroup 
2£',2] 
Solderability 
2026 
TA = 260° C for 5 seconds 
lTPD= 
15 


Subgroup 3 
Thermal Shock (Temp. Cycle) 
1051 
Condition 
S, 10 Cycles. 15 Min. Dwell 
l TPD= 
15 


Moisture Resistance 
1021 
Fine leak 
1071 
Condition 
H 
Gross leak 
1071 
Condition 
C 
Electrical/Optical 
Endpointsl4J 
- 
lv, Ice, IBL. IBH.IEl, IEH,hL. hHand 
visual function. TA = 25° C 
$ubgroup4 
Operating 
Life Test (340 hrs.l!5i 
1027 
TA = +100°C at Vec = 5.0V and 
lTPD= 
10 


cycling through logic at 1 character 
per second. 


Electrical/Optical 
Endpointsl4) 
Same as Subgroup 3. 


Subgroup 
5 
Non-operating 
(Storage) Life 
1032 
TA=+125°C 
lTPD=10 


Test (340 hrs.) 
Electrical/Optical 
Endpointsl41 
- 
Same as Subgroup 3 


1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 
2 
The l TPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required. 


3. 
Mll-STD-883 
methods apply. 


4. Limits and conditions 
are per the electrical/optical 
characteristics. 
5. Burn-in for the over range display shall use Condition 
B at a nominal IF ± 8 mA with '+' illuminated 
for t = 160 hours. 


TABLE 
IVa 


GROUP 
C, CLASS 
A AND 
B OF MIL-D-87157 


MIL-STO-750 
Sample 
Test 
Method 
CondlUons 
Size 


Subgroup 1 
Physical 
Dimensions 
2066 
2 Devices/ 
o Failures 


Subgroup 212.1] 
LTPD= 
15 


Lead Integrity 
2004 
Condition 
B2 


Fine Leak 
1071 
Condition 
H 


Gross 
Leak 
1071 
Condition 
C 


Subgroup 3 
Shock 
2016 
1500G. Time = 0.5 ms. S blows 
in 
LTPD=15 


each orientation 
Xl. Yl. Y2 


Vibration, 
Variable 
Frequency 
2056 


Constant 
Acceleration 
2006 
10,OOOGat Yl orientation 


External 
Visuall41 
1010 or 1011 


Electrical/Optical 
Endpointsl81 
- 
Iv. Ice. ISL, ISH, IEL. IEH, hL, hH and vis- 
ual Function, 
TA = 2S·C 
SUbgroup 4£1,3] 


Salt Atmosphere 
1041 
LTPD= 
15 


External 
Visuall41 
1010 or 1011 


Subgroup 5 
Bond 
Strengthl51 
2037 
Condition 
A 
LTPD= 
20 


(C=O) 


Subgroup 
6 
A. = 10 


Operating 
Life Testl61 
1026 
TA=+l00·C 


Electrical/Optical 
Endpointsl81 
- 
Same as Subgroup 
3 


1. Whenever electrical/optical 
tests are not required as endpoints, electrical rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 


3. Solderability samples shall not be used. 
4. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 
5. 
Displays may be selected prior to seal. 


6. 
If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used asthe basis for both 
Group B and Group C acceptance. 
7. 
MIL-STD-883 
test method applies. 


8. 
Limits and conditions are per the electrical/optical 
characteristics. 


• 


Flin- HEWLETT 
~~ 
PACKARD 


• 
RUGGED, 
SHOCK 
RESISTANT 


• 
INCLUDES 
DECODER/DRIVER 
BCD 
Inputs 


• 
TTL/DTL 
COMPATIBLE 


• 
CONTROLLABLE 
LIGHT 
OUTPUT 


• 
5 x 7 LED MATRIX 
CHARACTER 


The 
HP 
5082-7010 
solid 
state 
numeric 
indicator 
with 
built-in 
decoder/driver 
provides 
an 
excellent 
6.8mm 
(0.27 
in.) display 
for 
use in military 
or adverse 
industrial 
environments. 
Typical 
applications 
include 
ground, 
airborne 
and shipboard 
equipment, 
fire 
con- 


trol 
systems, 
medical 
instruments, 
and 
space flight 


systems. 


The 5082-7010 
is a modified 
5x7 
matrix 
display 
that 


indicates 
the 
numerals 
0-9 
when 
presented 
with 
a 
BCD code. The BCD code is negative 
logic with 
blanks 


--1 t- 25.4 ·(~i~~ 
c~) 
TVP. 


-l 4.1 ~ 
i i 
038 
'013 
-t 3.8, 
(.l8) 
2.3 
-; 
r--f.01S'.0051 
--t 6.911(,1S1 
I 
(OOi 
~ 
~ l' 
8 
Oil'. 
TVP 
(212ir- 


I 


I 


. i 
-t-tt·-·- 'f += 


[] 
'L;:\l 
0.381.015' 
(~Z5) 
I 
OI!LJ 
DIA. TVP. 
1 
-••.•.- 
-i.. L 
I 
22.6 


6.4- 
--:.1::-- 
~.8 
et- - 
5082 


1 
7010 
- 
1.891 


(5) 
: I:: 
(U~l 
VYWW 
...----jri'l- 
53 
, 
I 
I 
0.6. 


It. 
1.21) 
t 
1.025' 
I 
--.....l 
-·-·t·-·-·- 
.t..-...=:= 


1 -l 
f...(3i:J.1 
4 
3~ 2 
I 
DATE. 
I L 
t.--I~~ 
I 
CODE 
1~1----: 


P,N 
FUNCTION 
P'N 
FUNCTION 
, 
Input 
1 
5 
Input 
4 
2 
vo, 
6 
Ground 
3 
VLEO 
7 
vcc 
4 
Input 
8 
8 
Input 
2 


SOLID STATE 
NUMERIC 
INDICATOR 


5082·1010 
5082· 7011 


displayed 
for invalid 
codes. 
A left-hand 
decimal 
point 


is included 
which 
must be externally 
current 
limited. 


The 5082-7011 
is a companion 
plus/minus 
sign in the 


same 
type 
package. 
Plus/minus 
indications 
require 


only 
that 
voltage 
be applied 
to 
two 
input 
pins. 


Both 
displays 
allow 
luminous 
intensity 
to 
be varied 


by changing 
the DC drive voltage or by pulse duration 


modulation 
of the LE D voltage. 
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DATE 
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CODE 
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FUNCTION 
PIN 
FUNCTION 
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NC 
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NC 
2 
NC 
6 
Ground 
3 
PI" 
1 
Minus/Plus 


4 
NC 
8 
NC 


Notes: 
1. 
Unless otherwise specified, the tolerance 
on all dimensions 
is :0.38 mm. (±0.015 inches). 


2. All dimensions 
in millimetres and (inches). 


3. The packaqe and mounting pins are tin plated Kovar. 


Absolute Maximum Ratings 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage Temperature, Ambient 
Ts 
-65 
+100 
°c 


Operating Temperature, Case 
Tc 
-55 
+95 
°c 


Logic Supply Voltage to Ground 
Vcc 
-0.5 
+7.0 
V 


Logic Input Voltage 
VI 
-0.5 
+5.5 
V 


LED Supply Voltage to Ground 
VLEO(lJ 
-0.5 
+5.5 
V 


Decimal Point Current 
lop 
-10 
mA 


Note: 1. Above TC = 65°C derate VLED per derating curve in Figure 10. 


Recommended Operating Conditions 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


Logic Supply Voltage 
~ 
Vcc 
4.5 
5.0 
5.5 
V 


LED Supply Voltage, Display Off 
VLEO 
-0.5 
0 
+1.0 
V 


LED Supply Voltage, Display On 
VLEO 
3.0 
4.2 
5.5 
V 


Decimal Point Current 
lop[2] 
0 
-5.0 
-10.0 
mA 


Logic Input Voltage, "H" 
State 
VIH 
2.0 
5.5 
V 


Logic Input Voltage, "L" 
State 
V1L 
0 
0.8 
V 


Note: 
2. 
Decimal 
point 
current 
must 
be externally 
current 
limited. 
See application 
information. 


Electrical/Optical Characteristics 
Truth Table 
ease Temperature, Tc = O°Cto 70°C, unless otherwise specified 


Description 
Symbol 
Test 
Min. 
Typ.[4] 
Max. 
Unit 
Char· 
Logic 
Conditions 
aeter 
X8 X4 X21X1 
Logic Supply Current 
Ice 
Vcc= 
5.5V 
45 
75 
mA 
0 
HIH 
H 
H 
:--: 
U 
ILED 
Vcr: 
VLEO 
, 
[3) 
5.5V 
5.5V 
25') 
350 
1 
H 
H 
H 
L 
I 
LED Supply Current 
mA 
, 
, 
[5) 
5.5V 
4.2V 
170 
235 
H1H 
-:: 
5.5V 
3.5V 
125 
2 
L 
H 
, 


L I L 


--~ 
Logic Input Current, 
IIH 
Vcc= 
5.5V 
100 
3 
H 
H 
' M' 
"H" 
State (ea. input) 
VIH= 2.4V 
JJ.A 
•••• 1 
,, 
Logic Input Current, 
Vcc= 
5.5V 
4 
H 
L 
H 
H 
"'I- 


IlL 
-1.6 
mA 
, 
"L" 
State (ea. input) 
VIL = O.4V 
5 
H 
LIH 
L 
!:::; 
Decimal Point 
VLEO 
IOp= -10mA 
1.6 
2.0 
V 
::;- 


Voltage Drop 
-Vop 
6 
H 
L 
L 
H 
,r.:, 
PT 
Vcc 
VLEO 
-----t- 
--- 


L I 'Mi; 
[3) 
5.5V 
5.5V 
1.7 
2.3 
7 
'H 
L 
L 
Power Dissipation 
W 
--. 
'-";-- 


[5) 
5.5V 
4.2V 
1.0 
1.4 
8 
L 
H 
H 
H~ 
5.5V 
3.5V 
0.7 


VLEO 
TC 
9 
L I H 
H 


~~ 
. 


Luminous Intensity 
5.5V 
25°C 
60 
115 
Blank 
L 
H 
L 
per LEO (digit avg.) 
Iv 
4.2V 
25°C 
40 
80 
JJ.cd 


3.5V 
25°C 
50 
Blank 
L 
H 
L 
L 


Peak Wavelength 
AOA.k 
655 
---+ 
--~ +--- 


nm 
Blank 
L 
L 
H 
H 
Spectral Halfwidth 
-CIA\(, 
30 
nm 
~LIL-;;- 
Lt 


Weight 
4.9 
gram 
~ 
- 


Notes: 
3. 
With numeral 8 displayed. 
Blank 
L ILL 
H 
4. All typical valuesat TC = 25°C. 
'"t 
- 
+- 


5. TC = O°Cto 65°C for VLEO = 5.5V. 
Blank 
L 
L 
L 
L 


VIL = 0.0 to 0.8V 
VIH = 2.0 to 5.5V 
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Figure 1. Equivalent input circuit of the 5082-7010 
decoder. 
Figure 2. Equivalent circuit of the 5082-7010 
as seen from 
Note: 
Display metal case is isolated from ground pin #6. 
LED and decimal point drive lines. 
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Figure 3. Equivalent circuit of 5082·7011 
plus/minus 
Figure 4. Input current as a function 
of input voltage, 


sign. All resistors 3450 
typical. 
Note: 
Display 
each input. 


metal case is isolated from ground pin #6. 
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Figure 5. Logic "H" input current as a function 
of case 
Figure 6. Logic "L" input current as a function 
of case 
temperature, 
each input. 
temperature, 
each input. 
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Figure 7. 
LED supply current as a function 
of 
Figure 8. 
Luminous intensity 
per LED (digit average) 
LED supply voltage. 
as a function 
of LED supply voltege. 
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Figure 9. Maximum power derating as a function 
of 
Figure 10. 
LED voltage derating as a function 
of 
case temperature. 
case temperature. 


4.0 
6.0 
i'... 
I 
"",- 
5.0 


, ............... 


> 
I 
....•...••.. 


l- 
i;; 
> 
, 


""'" 
~ 
'" 


I 
: 
I- 
w 
4.0 
I 
'1\ 
;; 
" 
Vcc ·6.5V 
"" 


'" 
, 
~ 
:; 
NUMERAL 
8 AND 
OP DISPLAYED 
0 
0 
, 
z 
1.0 
> 
3.0 
i 
~ 
, 
:l 
I, 


w 
...••. 
I 
I 
> 
2.0 
>= 
" 
S 
, 


~ 
...••.•. 
>J 
, 
I 


a: 
J 


"- 


1.0 
0.' 
" 


I 


0.3 
0 
I 
: 
I 


-60 
-40 
-20 
0 
20 
40 
60 
80 
'00 
-55 
-40 
-20 
0 
20 
40 
60 


T C - 
CASE TEMPERATURE 
- "c 
TA 
- 
AMBIENT 
TEMPERATURE 
- 
DC 


Figure 11. 
Relative 
luminous 
intensity 
85 a function 
of case 
Figure 12. 
LED voltage derating as a function 
of ambient temp- 


temperature 
at fixed 
current 
level. 
erature,display 
soldered into P.C. board without 
heat sink. 


• 


For display 
applications 
requiring 
± designation, 
the 5082- 
;tOll 
solid state 
plus/minus 
sign is available. 
This display 
module 
comes 
in the 
same package 
as the 5082-7010 
nu· 
meric 
indicator 
and is completely 
compatible 
with 
it. 
Plus 
or minus 
information 
can be indicated 
by supplying 
voltage 
to one (minus 
sign) or two (plus sign) input leads. 
A third 
lead is provided 
for the ground 
connection. 
Luminous 
in- 


tensity 
is controlled 
by 
changing 
the 
LED drive voltage. 
Each 
LED has 
its own 
built-in 
345n 
(nominal) 
current 
limiting 
resistor. 
Therefore, 
no external 
current 
limiting 


is required 
for voltages 
at 5.5V or lower. 
Like the numeric 
indicator, 
the -7011 plus/minus 
sign is TTLlDTL 
compatible. 


CHARACTER 
PIN 
3 
7 


+ 
H 
H 
- 
L 
H 


Blank 
L 
L 


VL= -0.5 
to 1.0V 


VH = 3.0 to 5.5V 


Electrical/Optical Characteristics 
Case Temperature, 
Tc = O°C to 70°C, unless otherwise 
specified 


Description 
Symbol 
Test Conditions 
Min. 
Typ.Cll 
Max. 
Unit 


VLED = 5.5V 
105 
150 
LED Supply 
Current 
ILED 
mA 
VLED = 4.2V 
70 
100 


VLED = 5.5V 
0.6 
0.9 
Power Dissipation 
PT 
W 
VLED = 4.2V 
0.3 
0.6 


VLED = 5.5V 
60 
115 


Luminous 
Intensity 
per LED (Digit Avg.l 
Iv [2J 
VLED = 4.2V 
40 
80 
J.,lcd 


VLED = 3.5V 
50 


Peak Wavelength 
Apeak 
655 
nm 


Spectral 
Halfwidth 
dAIS 
30 
nm 


Weight 
4.9 
gram 


Notes: 
1. All typical values at TC = 25°C 
2. 
At TC = 25°C 


Description 
Symbol 
Min. 
Max. 
Unit 


Storage Temperature, 
Ambient 
T5 
-65 
+100 
°c 


Operating 
Temperature, 
Case 
Tc 
-55 
+95 
°c 


Plus, Plus/Minus 
Input 
VLED 
-0.5 
5.5 
V 
Potential 
to Ground 


Description 
Symbol 
Min. 
Nom. 
Max. 
Unit 


LED Supply 
Voltage, 
VLED 
-0.5 
0 
1.0 
V 
Display Off 


LED Supply 
Voltage. 
VLED 
3.0 
4.2 
5.5 
V 
Display On 


Decimal Point Limiting 
Resistor 


The decimal 
point 
of the 5082-7010 
display requires 
an ex- 
ternal 
current 
limiting 
resistor, 
between 
pin 2 and ground. 
Recommended 
resistor value is 220n, 
1/4 watt. 


Mounting 


The 5082-7010 
and 5082-7011 
displays 
are packaged 
with 
two 
rows 
of 4 contact 
pins 
each 
in a DIP configuration 


with a row center 
line spacing of 0.890 
inches. 


Normal 
mounting 
is directly 
onto 
a printed 
circuit 
board. 
If desired, 
these 
displays 
may 
be socket 
mounted 
using 
contact 
strip 
connectors 
such as Augat's 
325-AGI 
or AMP 
583773-1 
or 583774-1. 


Optimum 
display 
case operating 
temperature 
for the 5082- 


7010 
and 
7011 
displays 
is Tc=OoC to 70°C 
as measured 
on 
back 
surface. 
Maintaining 
the 
display 
case operating 
temperature 
within 
this range may be achieved 
by mount- 


ing the 
display 
on an appropriate 
heat sink or metal core 


printed 
circuit 
board. 
Thermal 
conducting 
compound 
such 
as Wakefield 
120 or Dow Corning 340 can be used between 
display 
and heat sink. See figure 
10 for 
VLED 
derating 
vs. 


display case temperature. 


Operation 
Without 
Heat Sink 


These 
displays 
may also be operated 
without 
the use of a 


heat 
sink. 
The 
thermal 
resistance 
from 
case to ambient 


for 
these 
displays 
when 
soldered 
into 
a printed 
circuit 


board 
is nominally 
()CA =30oC/W. 
See figure 
12 for 
V LED 


derating 
vs. ambient 
temperature. 


Post 
solder 
cleaning 
may 
be 
accomplished 
using 
water, 


Freon/alcohol 
mixtures 
formulated 
for vapor cleaning 
pro- 


cessing 
(up to 
2 minutes 
in vapors 
at boiling) 
or Freon/ 


alcohol mixtures formulated 
for room temperature 
cleaning. 
Suggested 
solvents: 
Freon 
TF, Freon 
TE, Genesolv 
01-15, 


Genesolv DE-15. 
• 


• 
- - 


F'i;' 
HEWLETT 
~~ 
PACKARD 


LEADFRAME MOUNTED SEVEN 
SEGMENT MONOLITHIC 
NUMERIC INDICATORS 


5082-7400/7430 
SERIES 


• 
COMPACT 
PACKAGE 
SIZES 
.25" Package Width 
.150" and .200" Digit Spacing 


• STROBED 
OPERATION 
Minimizes 
Lead Connections 


• 
FULLY ENCAPSULATED 
STANDARD 
DIP 
PACKAGES 
End Stackable 
Integral 
Red Filter 
Extremely 
Rugged 
Construction 


• 
I.C. COMPATIBLE 


• 
CATEGORIZED 
FOR LUMINOUS 
INTENSITY 
Assures 
uniformity 
of light 
output 
from 
unit to 
unit within 
single 
category. 


The 
HP 5082-7400/-7430 
series are 2.79 mm (.11"), seven 


segment 
GaAsP numeric 
indicators 
packaged 
in 2, 3,4 and 


5 
digit 
clusters. 
An 
integral 
magnification 
technique 
increases 
the 
luminous 
intensity, 
thereby 
making 
low 
power 
consumption 
possible. 
Options 
include 
either 
the 
standard 
lower 
right 
hand 
decimal 
point 
or 
a centered 


decimal 
point. 


Applications 
include 
hand 
held 
calculators, 
portable 
instruments 
and many 
other 
products 
requiring 
compact, 


rugged, 
long lifetime 
active indicators. 


Configuration 
Inter-D igit 
Part Number 


Digits per 
Spacing 
Center Decimal Point 
Right Decimal Point 
Cluster 
Device 
mm !inches) 


2 (right) 
rnJm 
5.08 (.200) 
5082·7432 


3 
[[[illID 
5.08 (.200) 
5082·7433 


4 
IB IBIBIBI 
3.81 (.150) 
5082-7404 
5082-7414 


5 


~ 
3.81 (.150) 
5082-7405 
5082-7415 


Absolute Maximum Ratings 


Parameter 
Symbol 
Min. 
Max, 
Units 


Peak 
Forward 
Current 
per Segment 
or dp (Duration 
< 500 IJ.si 
IPEAK 
50 
mA 


5082-7432/7433 


Peak 
Forward 
Current 
per Segment 
or dp (Duration 
< 1 mseCI 
IPEAK 
110 
mA 


5082-7404/7405/7414/7415 


Average 
Current 
per 
Segment 
or dp 
IAVG 
5 
mA 


Power 
Dissipation 
per 
Digit 
1 
Po 
80 
mW 


Operating 
Temperature, 
Ambient 
TA 
-40 
75 
°C 


Storage 
Temperature 
Ts 
-40 
100 
°C 


Reverse 
Voltage 
VR 
5 
V 


Solder 
Temperature 
1/16" 
below 
seating 
plane 
It ~ 3 secI 


2 
230 
°C 


Notes: 
1. Derate linearly @ 1 mW/oC 
above 25°C 
ambient. 


2. See Mechanical 
section 
for recommended 
flux 
removal 
solvents. 


ElectriCal/Optical 
Characteristics 
at TA = 25°C 


Parameter 
Symbol 
Test 
Condition 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment 
or dp 
3.4 
IAVG = 500 
IJ.A 


5082-7432/7433 
Iv 
IlpK=5 
mA 
10 
40 
IJ.cd 
duty 
cycle 
= 10% 


Luminous 
Intensity/Segment 
or dp 
34 
IAVG = 1 mA 


Time 
Averaged 
Iv 
IPK = 10 mA 
5 
20 
IJ.cd 


5082-7404/7405/7414/7415 
duty 
cycle 
= 10%, 


Peak 
Wavelength 
APEAK 
655 
nm 


Forward 
Voltage/Segment 
or dp 
VF 
IF = 5 mA 
1.55 
2.0 
V 


5082-7432/-7433 


Forward 
Voltage/Segment 
or dp 
VF 
IF = 10 mA 
1.55 
2.0 
V 


5082-7404/7 
405/7 414/7 415 


Reverse 
Voltage/Segment 
or dp 
VR 
IR = 200 
IJA 
5 
V 


Rise 
and 
Fall Time 
5 
tr, tf 
10 
ns 


Notes: 
3. The digits 
are categorized 
for luminous 
intensity. 
Intensity 
categories 
are designated 
by a letter 
located 
on the back side of the package. 
4. Operation 
at Peak Currents 
less than 5.0 mA is not recommended. 
5. Time for a 10%-90% change 
of light 
intensity 
for step change 
in current. 
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Figure 
1. Typical 
Time Averaged 
Luminous 
Intensity 
per 
Figure 
2. Relative 
Luminous 
Efficiency 
vs. Peak Current 


Segment 
(Digit 
Average) 
vs. Current 
per Segment. 
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Figure 3. Typical Time Averaged Luminous 
Intensity per 
Figure 4. Relative Luminous 
Efliciency 
vs. Peak Current per 
Segment (Digit Average) vs. Average Current per 
Segment. 
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SERIES 
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ElectriCal/Optical 


The 
5082-740017430 
series 
devices 
utilize 
a 
monolithic 
GaAsP 
chip 
of 
8 common 
cathode 
segments 
for 
each 
Mechanical 
display 
digit. 
The 
segment 
anodes 
of 
each 
digit 
are 
interconnected, 
forming 
an 8 by N line array, 
where 
N is 
The 5082-7400/7430 
series 
package 
is a standard 
12 or 14 
the 
number 
of 
characters 
in 
the 
display. 
Each 
chip 
is 
Pin DIP consisting 
of a plastic 
encapsulated 
lead frame with 


positioned 
under 
an 
integrally 
molded 
lens 
giving 
a 
integral 
molded 
lenses. 
It is designed 
for 
plugging 
into 


magnified 
character 
height 
of 
2.79mm 
(0.11) 
inches. 
DIP sockets 
or soldering 
into 
PC boards. 
The lead frame 


Satisfactory 
viewing 
will 
be 
realized 
within 
an 
angle 
of 
construction 
allows 
use of standard 
DIP insertion 
tools 
±30° 
for 
the 
7404/74051741417415 
and 
±20° 
for 
the 
and techniques. 
Alignment 
problems 
are simplified 
due to 


743217433, 
measured 
from 
the center 
line of the digit. 
the clustering 
of digits 
in a single 
package. 
The shoulders 


The 
decimal 
point 
in 
the 
7432, 
7433, 
7414, 
and 
7415 
of the lead frame 
pins are intentionally 
raised 
above 
the 


displays 
is 
located 
at 
the 
lower 
right 
of 
the 
digit 
for 
bottom 
of the package 
to allow 
tilt mounting 
of up to 20° 


conventional 
driving 
schemes. 
from 
the 
PC board. 


The 
5082-7404 
and 
7405 
displays 
contain 
a 
centrally 
To 
optimize 
device 
optical 
performance, 
specially 


located 
decimal 
point 
which 
is activated 
in place of a digit. 
developed 
plastics 
are 
used 
which 
restrict 
the solvents 


In long 
registers, 
this technique 
of setting 
off the decimal 
that may be used for cleaning. 
It is recommended 
that only 


point 
significantly 
improves 
the display's 
readability. 
With 
mixtures 
of Freon 
(F113) 
and alcohol 
be used for vapor 


respect 
to timing, 
the decimal 
point 
is treated 
as a separate 
cleaning 
processes, 
with 
an immersion 
time in the vapors 


character 
with 
its own 
unique 
time 
frame. 
of less than 
two 
(21 minutes 
maximum. 
Some 
suggested 
vapor 
cleaning 
solvents 
are Freon 
TE, Genesolv 
01-15 or 


To improve 
display 
contrast, 
the plastic 
incorporates 
a red 
DE-15, 
Arklone 
A or 
K. A 60°C 
(140°CI 
water 
cleaning 


dye that absorbs 
strongly 
at all visible 
wavelengths 
except 
process 
may 
also 
be used, 
which 
includes 
a neutralizer 
the 
655 
nm 
emitted 
by 
the 
LED. 
In addition, 
the 
lead 
rinse 
(3% ammonia 
solution 
or equivalent), 
a surfactant 


frames 
are selectively 
darkened 
to reduce 
reflectance. 
An 
rinse 
(1% detergent 
solution 
or equivalentl, 
a hot water 


additional 
filter, 
such as Plexiglass 
2423, Panelgraphic 
60 
rinse and a thorough 
air dry. 
Room temperature 
cleaning 
or 63, and 
SGL 
Homalite 
100-1605, 
will further 
lower 
the 
may be accomplished 
with 
Freon T-E35 or T -P35, Ethanol, 


ambient 
reflectance 
and 
improve 
display 
contrast. 
Isopropanol 
or water 
with 
a mild 
detergent. 
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DEVICES 


5082-7404 
5082-7405 
5082-7414 
5082-7415 


5082-7404n414 
5082-7405n415 
FUNCTION 
FUNCTION 


CATHODE 
1 
CATHODE 
1 


ANODEe 
ANODEe 


ANODEc 
ANODEc 


CATHODE 3 
. 
CATHODE 3 


ANODE dp 
ANODE dp 


CATHODE 4 
ANODEd 


ANODEg 
CATHODE 5 


ANODEd 
ANODEg 


ANODEf 
CATHODE 4 


CATHODE 2 
ANODEf 


ANODE b 
SEE NOTE 8. 


ANODE a 
ANODE b 
- 
CATHODE 2 
- 
ANODE a 


package Description 5082-7432, -7433 


NOTES, 
9. DIMENSIONS 
IN MILLIMETERS 
AND 
(INCHES). 


10. TOLERANCES 
ON ALL 
DIMENSIONS 
ARE 
0.038 
. ( 015) 


UNLESS 
OTHERWISE 
SPECIFIED. 


DISPLAY 


PLANE 
I 
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DEVICES 
5082·7432 
5082·7433 


PIN 
5082·7432 
5082·7433 
NUMBER 
FUNCTION 
FUNCTION 


1 
SEE NOTE 11. 
CATHODE 
1 


2 
ANODEe 
ANODEe 


3 
ANODEd 
ANODEd 


4 
CATHODE 
2 
CATHODE 
2 


5 
ANODEc 
ANODEc 


6 
ANODEdp 
ANODEdp 


7 
CATHODE 
3 
CATHODE 
3 


8 
ANODEb 
ANODEb 
9 
ANODEg 
ANODEg 


10 
ANODE a 
ANODE a 


11 
ANODEf 
ANODEf 


12 
SEE NOTE 11. 
SEE NOTE 11. 
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PRINTED CIRCUIT BOARD MOUNTED 
S 
N SEGMENT 
NU 
IC INDICATORS 


5082-7200/7440 
SERIES 


• 
AVAILABLE 
IN 9 TO 16 DIGIT 
CONFIGURATIONS 


• 
CHARACTER 
HEIGHTS 
OF .105", .115" 


AND 
.175" 


The 
HP-5082-7200/7440 series of 
displays are seven 


segment GaAsP Numeric Indicators mounted on printed 
circuit 
boards. A plastic lens magnifies the digits and 
includes an integral protective bezel. Character heights of 
.105" (2.67 mm), .115" (2.92 mm) and .175" (4.45 mm) are 
available. For 
large quantity 
applications, 
digit 
string 
lengths of 8,12 and 14digits are available by special order. 


Applications 
are 
hand 
held 
calculators 
and 
portable 


equipment requiring compact, low power, long life time, 
active displays. 


Part 
Number 
Digits 
Per 
PC Board 


5082-7441 


5082-7446 


5082-7285 


5082-7295 


Right Hand 


Right Hand 


Right Hand 


Right Hand 


• 


• 
- - 


Inler·Digit 
Spacing 
(mm) In. 


IS.08i .200" 


(3.81 
.150" 


15.841 ,230" 


15.841 .230" 


Fig. 9 


Fig. 11 


Fig. 14 


Fig. 13 


(mm) In. 


.2.671.105" 


(2.92) .115" 


14.451 .175" 


(4.45) .175" 


Parameter 
Symbol 
Min. 
Max. 
Units 


Peak FOlWard Current 
per Segment 
or dp (Duration < 500/ls1 
IpEAK 
50 
mA 


Average Current 
per Segment 
or dp[ll 
IAVG 
3 
mA 


Power Dissipation 
per Digit [2J 
Po 
50 
mW 


Operating 
Temperature, 
Ambient 
TA 
-20 
+85 
°c 


Storage Temperature 
Ts 
-20 
+85 
°c 


Reverse Voltage 
VA 
3 
V 


Solder Temperature 
at connector 
edge (t~3 
sec.I[3] 
230 
°c 


NOTES: 1. Derate linearly at 0.1mAfC 
above 60°C ambient. 


2. Derate linearly at 1.7rr1NfC 
above 60°C ambient. 


3. See Mechanical 
section 
for 
recommended 
soldering 
techniques 
and 
flux 
removal 
solvents. 


Parameter 
Symbol 
Min. 
Max. 
Units 


Peak Forward Current per Segment or OP 
fpEAK 
200 
mA 


(Duration <35I's) 


Average Current per Segment or DP 4 
IAVG 
7 
mA 


Power Dissipation per Digit s, 
Po 
125 
mW 


Operating 
Temperature. 
Ambient 
TA 
-20 
+70 
·C 


Storage Temperature 
Ts 
-20 
+80 
°C 


Reverse Voltage 
VR 
3 
V 


Solder Temperature 
at connector 
edge 
230 
°C 


(t';;3 sec.) 
6 


NOTES: 4. Derate linearly at 0.12mA/oC 
above 25°C ambient. 


5. Derate linearly at 2.3mW/oC 
above 25°C ambient. 


6. See Mechanical 
section 
for 
recommended 
soldering 
techniques 
and 
flux 
removal 
solvents. 


Electrical/optical Characteristics at TA 


Parameter 
Symbol 
Test Condition 
Min. 
Typ. 
Max. 
Units 


Luminous 
Intensity/Segment 
or dp[7] 
IAVG = 500/lA 
5082-7440 
(lPK = 5mA 
9 
40 
/lcd 


Iv 
duty cycle = 10%1 


5082-7446 
5mA 
Peak 
7 
35 
/led 
1/16 
Duty 
Cycle 


Peak Wavelength 
Apeak 
655 
nm 


FOlWard Voltage/Segment 
or dp 
VF 
IF = 5mA 
1.55 
V 
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' 
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Figure 
2. Typical 
Time Averaged luminous 
Intensity 
per 
Segment vs. Average Current 
per Segment. 


Electrical/Optical 
Characteristics at TA=25°C 
5082-7285/7295 


Parameler 


Luminous 
Intensity/segment 
or dp 
(Time Averaged) 
15 digIt display 
5082-7295'810 


us Intensity/segment 
or dp 
Averaged) 
5 digit display 
726518.101 


d Voltage per Segment or dp 
5082-7295 
15 digit display 


Forward 
Voltage per Segment or dp 
5062-7 


Symbol 


I, 


Teet Condition 


1"8. = 2 mA 
(SOmA 
Peak 
1/15 duty oycle) 


lo"ll' =2 mA 
(10 mA Peak 
1/5 duty cyole) 


11'=30mA 


T 
Voltage 


Typ. 


90 


pA 


mV/"C 


NOTES: 
S. The luminous 
intensity 
at a specific ambient temperature, 
Iv(T A), may be calculated from this relationship: 


Iv(TA) 
= IVl25 
C)(.9S5) 
ITA 
- 25°C) 


9. The dominant wavelength 
Ad, is derived from the C.I.E. Chromaticity 
Diagram and represents the single wavelength which 
defines the color of the device. 
10. Operation 
at peak currents 
of less than 6.0 mA is not recommended. 
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These devices are constructed 
on a standard 
printed 
circuit board substrate. A separately molded plastic lens is 
attached to the PC board over the digits. The lens is an 
acrylic 
styrene 
material that 
gives good optical 
lens 
performance, but is subject to sc~atching so care should 
be exercised in handling. 


The device may be mounted either by use of pins which 
may be hand soldered into the plated through holes at the 
connector 
edge of the PC board or by insertion into a 
standard 
PC board 
connector. 
The devices may be 
hand soldered for up to 3 seconds per tab at a maximum 
soldering temperature of 230·C. Heat should be applied 
only to the edge connector tab areas of the PC board. 
Heating other areasof the board to temperatures in excess 
of 85·C can result in permanent damage to the display. It 
is recommended that a non-activated rosin core wire solder 
or a low temperature deactivating flux and solid wire solder 
be used in soldering operations. 


The PC board is silver plated. To prevent the formation of a 
tarnish 
(Ag2S) which 
could 
impair 
solderability 
the 
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mA 


displays 
should 
be stored 
in the unopened 
shipping 
packages until they are used. Further information on the 
storage, handling, and cleaning of silver plated compo- 
nents is contained in Hewlett-Packard Application 
Bul- 
letin No.3. 


The HP 5082-7441,-7446, -7285 and 7295 devices utilize a 
monolithic 
GaAsP chip containing 
7 segments and a 
decimal point for each display digit. The segments of each 
digit are interconnected, forming an 8 by N line array, where 
N is the number of digits in the display. Each chip is 
positioned under a separateelemerJtof a plastic magnifying 
lens, producing a magnified character. Satisfactory viewing 
will be realized within an angle of approximately ±20· from 
the centerline of the digit. A filter, such as plexiglass 2423, 
Panelgraphic 60 or 63, and Homalite 100-1600,will lower 
the ambient reflectance and improve display contrast. Digit 
encoding of these devices is performed by standard 7 
segment decoder driver circuits. 
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DIA. 
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NOTES: 
1. Dimensions 
in millimeters 
and 
(mches). 
2. logo and part number are on back of package. 
3. Secondary 
1.25X magnifier 
that slides into 
primary 
lens and 
increases 
character 
height 
to 3.33 
(.131) 
allailable 
as special 
product. 
4. Tolerances: 
± .881 
(.015) 
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Pin 
5082-7441 
Pin 
5082·7441 
No. 
Function 
No. 
Function 


1 
Dig. 
1 Cathode 
10 
Seg. d Anode 


2 
Seg. c Anode 
11 
Dig. 6 Cathode 


3 
Dig. 2 Cathode 
12 
Seg. 9 Anode 


4 
d.p. Anode 
13 
Dig. 7 Cathode 


5 
Dig. 3 Cathode 
14 
Seg. b Anode 


6 
Seg. a Anode 
15 
Dig. 8 Cathode 


7 
Dig. 4 Cathode 
16 
Seg. f Anode 


8 
Seg. e Anode 
17 
Dig. 9 Cathode 
9 
Dig. 5 Cathode 


69.85 
0.38 
----1 


(2.750 
.015) 


(~6~6 ~O~) 
~ 


3.81 (.150)15 
SPACES 
TOl. 
NON·ACCUMULATIVE 


18.29 
± 0.38 
1.720 ± .015) 


1 
ID@@@@@@@@@@@@@@@@@@@@@ 


----.--~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


I t'-- 2.541.100123 SPACES 
2.54 (.100) 
TOL. NON.ACCUMUlfTIVE 


5.72 
(.22S) 


1.02 (.0401 CIA 
PLATED 
THRU 
24 HOLES 


Device Pin 
Description 


NOTES: 
1. ALL DIMENSIONS 
IN MllliMETRES 
AND 


(INCHES). 


2. TOLERANCES 
ON ALL 
DIMENSIONS 
ARE 


~O.38 (.0151 UNLESS 
OTHERWISE 
SPECIFIED. 


Pin 
5082-7446 
No. 
Funcllon 


1 
Cathode-Digit 1 
2 
Cathode-Digit 2 
3 
Cathode-Digit 3 
4 
Cathode-Digit 4 
5 
Cathode-DigIt 5 
6 
Anode-Segment e 
7 
Cathode-Digit 6 
8 
Anode-Segment d 
9 
Cathode-Digit 7 
10 
Anode-Segment a 
11 
Cathode-Digit 8 
12 
AnOde-Segment DP 
13 
Cathode-Digit 9 
14 
Anode-Segment C 
15 
Cathode-Digit 10 
16 
Anode-Segment g 


17 
Cathode-Digit 11 
18 
Anode-Segment b 
19 
Cathode-Digit 12 
20 
Anode-Segment f 
21 
Calhode-Digit 13 
22 
Cathode-DIgit 14 
23 
Cathode-Digit 15 
24 
Cathode-Digit 16 


ALL 
DIMENSIONS 
IN MIllIMETERS 
AND (INCHES). 


~~:~~~~~O~~~ 
----------~--- 


91.186 
~ O.381 
~ 
1 


(3.590 
± ,015) 
• 


45.593.! 
.381 
• 
(1.795 
± .015) 


28.321 
± 0.381 


"11 


15.240:!: 0.381 


(.600 ± .015) 


~;1J5~DIA. TYP. 


22.606 
± 0.381 


1'89"['0'5) 


I 
7.62 _'1 
1---(,300) 


2 
3 
4 


~ 
2.54 
1.100) 


(14 PLCS. NON·ACCUM. 
TOlERANCESI 


Magnified Character 
Font Description 


12 
13 
14 
15 


1.016 
DIM 
TYP, 
(.040 
DIM) 


0.381 
(.015) 


2.667 
1.1051I 


MAX. 
ll-- 
RIVET 
HEIGHT 
I 
I· 
- - 


t 


0.381 (.0' 5) MAX. I 
RIVET 
HEIGHT 
- 


0.610 
(.024) 


~ 
~ 
1.575 
_ 
1~0~:621 


I 
1.1601 


@O+ 
222F---16'3B3~1 
t L 


74.168 ± 0.254 
(.645) 
1.905 
4.826 


(2.920 
± .010) ---------------1 
(.075) 
(.190) 
r- 8.509 ..•. 
1.575 


(.335) 
7.061 ± 0.381 
(,062) 


(.278 ± .015) - 
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5082-7295 
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,I 
_/1i1~:5)' 


REF. 
-----, 


Anode 
Segment 
b 
Anode 
Segment 
g 
An 
e 
CatM 
Catho 
2 
Cathode 
Digit 
3 
Cathode 
Digit 
4 
Cathode 
Digit 
5 
Cathode 
Digit 
6 
Cathode 
Digit 
7 
Anode 
Segment 
dp 
Anode 
Segment 
d 
Anode 
Segment 
c 
Anode 
Segment 
a 


Anode 
Segment 
f 


Cathode 
Dig,t 
1 
Cathode 
Dig,t 2 


Cathode 
Digit 
3 


Digit 
4 
dp 


Anode 
Segment 
c 


Cathode 
Digit 
6 
Anode 
Segment 
e 


Cathode 
Digit 
7 


Anode 
Segment 
a 


Cathode 
Digit 
8 
Anode 
Segment 
g 


Cathode 
Digit 
9 
Anode 
Segment 
d 


Cathode 
Digit 
10 
Anode 
Segment 
t 
Cathode 
Digit 
11 
Anode 
Segment 
b 


Cathode 
D,glt 
12 
Cathode 
Digit 
13 


Cathode 
Digit 
14 
Cathode 
Digit 
15 


4. Shaft Encoders 


• 
28 mm Diameter Encoders 


• 56 mm Diameter Encoders 


Flio- HEWLETT 
~~ 
PACKARD 


Shaft Encoders 


As an extension of our 
emitter/detector 
systems 
capability, 
Hewlett-Packard 
has developed 
optical 
shaft 
encoding 
systems. HP'soptical 
encoders 
are motion 
sensors 
that provide a digital 
link 
converting 
mechanical 
shaft 
rotation 
into TIL logic level 
signals. Encoders are used in a 
wide variety of closed loop 
servo applications 
varying from 
computer 
peripherals 
and 
professional audio-video 
systems to automated 
production 
equipment. 


Encoders also find widespread 
usage in industrial and 
instrument 
applications 
where 
digital 
information 
is needed 
to monitor rotary motion. 


With three easy to assemble 
components, 
the HPencoder 
system takes advantage 
of a 
specialized 
optical 
design and 
a custom 
integrated 
circuit to 
deliver superior performance 
in 
a compact 
package. 
The 
design also minimizes the 
mechanical 
tolerances 
required of the shaft and 
mounting 
surface. 


A range of products 
are 
available 
including 
options for 
standard 
shaft sizes and count 
resolutions ideal for your 
application. 


For more Information 
on these 
new product 
developments, 


contact 
your local Hewlett- 
Packard 
Components 
Field 
Engineer, or write Hewlett- 
Packard 
Optoelectronics 
Division, 640 Page Mill Road, 
Palo Alto, California 
94304. 


HP System Features 


• 
Fully tested, prealigned 
components 
• 
Quick assembly 
- 
No 
special tools required 
• 
2 digital 
outputs 
in 
quadrature 
• 
1 digital 
index channel 
• 
Fully integrated 
electronics 
for high performance 
and 
high reliability 


28 mm Diameter 
Encoders 


• 
Small Size 
• 
Low Inertia 


• 
Balanced 
system 
compensates 
for variations 
in components 
over time 
and temperature 
• 
TILcompatible 
• 
130 KHz minimum 
frequency 
response 
• 
-20°C to 85°C operating 
range 
• 
0.25 mm (.010 inches) shaft 
end play allowance 


56 mm Diameter 
Encoders 


• 
High Resolution 
• 
Large Shaft Sizes 


Option Code 


PackageOutline Drawing 
Part No. 
Channels 
Resolution 
Shaft Size 
PageNo. 


0 
[IJ 
HEDS-5000 
A. B 
C 100 CPR 
01 
2mm 
4-4 


.#.~. 
OPTD 
DO 
o 192 CPR 
02 
3mm 


~(~ 


{". 
E 200 CPR 
03 
1/8 in. 
';:'. 


'.- 
F 256 CPR 
04 
5/32 in. 


G 360 CPR 
05 
3/16 in. 


HEDS-5010 
A. B, I 
H 400 CPR 
06 
1/4 in. 


OPT D 
DO 
A 500 CPR 
11 
4mm 


lJ 
I 512 CPR 
14 
5mm 


OptionCode 


Resolution 
Shaft Size 


HEDS-6000 
OPT0 
CD 


D 
E 
200 CPR 
H 
400 CPR 


A 
500 CPR 
I 
512 CPR 


BlOOD CPR 
J 1024 CPR 


DO 
05 
3/16 in. 
06 
1/4 in. 


07 
5/16 in. 


08 
3/8 in. 


09 
1/2 in. 


10 5/8 in. 


11 
4mm 


12 
6mm 


13 
8mm 


HEDS-6010 


OPTD 
CD 


• Holding Screwdriver 
• Torque Limiting 
Screwdriver 


• HEDS-8920 Hub Puller 
• HEDS-8922 Gap Seller 


• Aid in High Volume Assembly 


• Order in Appropriate 
Shaft Size 


• 
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28 mm DIAMETER 
TWO AND THREE CHANNEL 
INCREMENTAL OPTICAL 
ENCODER KIT 


HEDS-5000 


SERIES 


Features 
• 
SMALL 
SIZE - 
28 mm DIAMETER 


• 
100-512 
CYCLES/REVOLUTION 
AVAILABLE 


• 
MANY 
RESOLUTIONS 
STANDARD 
• 
LOW INERTIA 


• 
QUICK 
ASSEMBLY 
• 
0.25 mm (.010 INCHES) 
END PLAY 
ALLOWANCE 
• 
TTL COMPATIBLE 
DIGITAL 
OUTPUT 
• 
SINGLE 
5V SUPPLY 
• 
WIDE 
TEMPERATURE 
RANGE 


• 
INDEX 
PULSE 
AVAILABLE 
Description 


The HEDS-5000 
series is a high resolution 
incremental 
opti- 


cal encoder 
kit emphasizing 
reliability 
and ease of assembly. 
The 
28 
mm 
diameter 
package 
consists 
of 
3 parts: 
the 
encoder 
body, a metal code wheel, and an emitter end plate. 
An LED source 
and lens transmit 
collimated 
light from the 
emitter 
module 
through 
a precision 
metal code wheel and 
phase plate into a bifurcated 
detector 
lens. 


The light is focused 
onto pairs of closely 
spaced 
integrated 
detectors 
which 
output 
two square wave signals 
in quadra- 
ture 
and 
an optional 
index 
pulse. 
Collimated 
light 
and a 
custom 
photodetector 
configuration 
increase 
long life relia- 


bility 
by 
reducing 
sensitivity 
to 
shaft 
end 
play, 
shaft 
eccentricity 
and LED degradation. 
The outputs 
and the 5V 
supply 
input 
of the HEDS-5000 
are accessed 
through 
a 10 
pin connector 
mounted 
on a .6 metre ribbon 
cable. 


outline Drawing 
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A standard 
selection 
of shaft sizes is available 
and resolu- 
hons 
between 
100 
and 
512 
cycles 
per 
revolution 
are 
available 
as options. 
The 
part 
number 
for the standard 
2 
channel 
kit 
is HEDS-5000, 
while 
that 
for 
the 
3 channel 
device, 
with 
index 
pulse, 
is 
HEDS-5010. 
See 
Ordering 


Information 
for more details. 


Printers, 
Plotters, 
Tape 
Drives, 
Positioning 
Tables, 
Auto- 
matic 
Handlers, 
Robots, 
and any other 
servo loop where a 
small high performance 
encoder 
is required. 
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Block Diagram and output waveforms 
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The incremental 
shaft encoder 
operates 
by translating 
the 
rotation 
of a shaft into interruptions 
of a light beam which are 
then output 
as electrical 
pulses. 


In the HEDS-5XXX 
the light source 
is a Light Emitting 
Diode 
collimated 
by a molded 
lens into a parallel beam of light. The 
Emitter 
End Plate contains 
two or three similar 
light sources, 
one for each channel. 


The 
standard 
Code 
Wheel 
is a metal 
disc 
which 
has 
N 


equally 
spaced 
apertures 
around 
its 
circumference. 
A 


matching 
pattern 
of apertures 
is positioned 
on the stationary 
phase 
plate. 
The 
light 
beam 
is transmitted 
only 
when 
the 


apertures 
in the code wheel and the apertures 
in the phase 
plate line up; therefore, 
during 
a complete 
shaft revolution, 


there will be 
N alternating 
light and dark periods. A molded 
lens beneath 
the phase 
plate aperture 
collects 
the modu- 


lated light into a silicon 
detector. 


The Encoder 
Body contains 
the phase plate and the detec- 


tion 
elements 
for 
two 
or three 
channels. 
Each 
channel 


consists 
of an integrated 
circuit 
with two photodiodes 
and 


amplifiers, 
a comparator, 
and output 
circuitry. 


The apertures 
for the two photodiodes 
are positioned 
so that 


a light period 
on one detector 
corresponds 
to a dark period 
on 
the 
other 
("push-pull"). 
The 
photodiode 
signals 
are 


amplified 
and fed to the comparator 
whose output 
changes 


state when the difference 
of the two photocurrents 
changes 


sign. The second 
channel 
has a similar configuration 
but the 
location 
of its aperture 
pair provides 
an output 
which 
is in 
quadrature 
to the first 
channel 
(phase 
difference 
of 900). 


Direction 
of rotation 
is determined 
by observing 
which of the 
channels 
is the leading 
waveform. 
The outputs 
are TTL logic 
level signals. 


The optional 
index channel 
is similar in optical 
and electrical 


configuration 
to the A and B channels 
previously 
described. 


An index 
pulse 
of typically 
1 cycle 
width 
is generated 
for 
each 
rotation 
of the code 
wheel. 
Using 
the recommended 


logic 
interface. 
a unique 
logic state (Po) can be identified 
if 


such accuracy 
is required. 


The three 
part kit is assembled 
by attaching 
the Encoder 
Body to the mounting 
surface 
using three screws. The Code 
Wheel 
is set to the correct 
gap and secured 
to the shaft. 


Snapping 
the cover 
(Emitter 
End Plate) on the body com- 


pletes the assembly. 
The only adjustment 
necessary 
is the 
encoder 
centering 
relative to the shaft. This optimizes 
quad- 


rature and the optional 
index 
pulse outputs. 


I 


Index 
Pulse Considerations 


The motion 
sensing 
application 
and encoder 
interface 
cir- 
cuitry 
will determine 
the necessary 
phase relationship 
of the 


index pulse to the main data tracks. 
A unique 
shaft position 
can be identified 
by using the index pulse output 
only or by 


logically 
relating 
the index 
pulse to the A and B data chan- 
nels. The HEDS-5010 
allows 
some adjustment 
of the index 


pulse position 
with 
respect 
to the main data channels. 
The 
position 
is easily 
adjusted 
during 
the assembly 
process 
as 


illustrated 
in the assembly 
procedures. 


Electrical 
degrees: 


1 shaft rotation 
= 360 angular 
degrees 
= N electrical 
cycles 


1 cycle 
= 360 electrical 
degrees 


Position 
Error: 


The angular 
difference 
between the actual shaft position 
and 
its position 
as calculated 
by counting 
the encoder's 
cycles. 


Cycle 
Error: 


An indication 
of cycle uniformity. 
The difference 
between an 
observed 
shaft angle which 
gives rise to one electrical 
cycle. 


and the nominal 
angular 
increment 
of 1/N of a revolution. 


Phase: 


The angle 
between 
the center 
of Pulse A and the center 
of 


Pulse B. 


Index Phase: 


For 
counter 
clockwise 
rotation 
as illustrated 
above, 
the 


Index 
Phase is defined 
as: 


(</>1-</>2) 


4>1 = 
2 
• 


</>1 is the angle, in electrical 
degrees 
between the falling 
edge 
of 
I and 
falling 
edge 
of 
B. </>2 is the 
angle. 
in electrical 
degrees, 
between 
the rising 
edge of A and the rising 
edge 


of I. 


Index Phase Error: 


The 
Index 
Phase Error 
(~4>I) 
describes 
the change 
in the 


Index Pulse position 
after assembly 
with respect to the A and 


B channels 
over the recommended 
operating 
conditions. 


Parameter 
Symbol 
MIn. 
Max. 
Units 
Notes 


Storage Temperature 
1s 
-55 
100 
"Celsius 
Operating 
Temperature 
TA 
-55 
100 
·Celsius 
See Note 1 


Vibration 
20 
g 
See Note 1 


Shaft Axial Play 
.50(20) 
mm( 1inch/1Ooo) TIR 


Shaft Eccentricity 
Plus 
.1 (4) 
mm(l 
inch/lQOO) TIR 
Movement should be 
Radial Play 
limited even under 
shock conditions. 


Supply Voltage 
Vcc 
-0.5 
7 
Volts 


Output Voltage 
Vo 
-0.5 
Vcc 
Volts 
Output 
Current 
per 
10 
-1 
5 
mA 
Channel 


Velocity 
30,000 
R.P.M. 


Acceleration 
a 
250,000 
Rad. Sec'2 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Temperature 
T 
-20 
85 
"Celsius 
Non-condensing 
atmos. 


Supply Voltage 
Vcc 
4.5 
5.5 
Volt 
Ripple < 100mVp-p 


Code Wheel Gap 
1.1 (451 
mm (inch/lOOO) 
Nominal gap = 


Shaft Perpendicularity 
0.25 (10) 
mm (inch/lOOO) 
0.63 mm (.025 in.) when shaft 
Plus Axial Play 
TIR 
is at minimum gap position. 


Shaft Eccentricity 
Plus 
0.04 (1.5) 
mm (inch/lOOO) 
10 mm (0.4 inch) from 
Radial Play 
TIR 
mounting 
surface. 


Load Capacitance 
CL 
100 
pF 


Encoding Characteristics 
The specifications 
below apply within the recommended 
operating 
conditions 
and reflect performance 
at 500 cycles per 
revolution 
(N = 50m. Some encoding 
characteristics 
improve with decreasing cycles (NI. Consult Application 
Note 1011 or 


factory for additional details. 


Parameter 
Symbol 
Min. 
Typ. 
Max, 
Units 
Notes ,See Definitionsl 


Position Error - 
..10 
10 
40 
Minutes of Arc 
1 Cycle = 43.2 Minutes 
Worst Error Full 
See Figure 5. 


Rotation 


Cycle Error - 
..lC 
3 
5.5 
Electrical deg. 


Worst Error Full 
Rotation 


Max. Count Frequency 
fMAX 
130.000 
200,000 
Hertz 
f = Velocity 
RPM) x N/60 
Pulse Width Error - 
..lP 
16 
Electrical deg. 
T = 25" C. f = 8 KHz 
Worst Error Full 
See Note 2 


Rotation 


Phase Sensitivity to 
520 
Elec. degJmm 
Eccentricity 
(13, 
tElec. deg.lmili 
mil = inch/l000 
Phase Sensitivity to 
20 
Elec. deg.lmm 
Axial Play 
(.51 
Elec. deg.lmilJ 
mil = inch/lOOO 
Logic State Width Error- 
..is 
25 
Electrical deg. 
T = 25" C, f = 8 KHz 
Worst Error Full 
See Note 2 
Rotation 


Index Pulse Width 
PI 
360 
Electrical deg. 
T = 25" C. f = 8 KHz 
See Note 3 
Index Phase Error 
..l<l.>1 
0 
17 
Electrical deg. 
See Notes 4, 5 
Index Pulse Phase 
±70 
±130 
Electrical deg. 
See Note 5 
Adjustment 
Range 


Parameter 
Symbol 
Dimension 
Tolerance 
Units 
Notes 


Outline Dimensions 
See Mech. Dwg. 


Code Wheel Available to 
2 
4 
+.000 
mm 
Fit the Following 
Standard 
3 
5 
-.015 
Shaft Diameters 


5/32 
+.0002 
inches 
-.0005 


1/8 
+.0000 
inches 
3/16 
1/4 
-.0007 


Moment of Inertia 
J 
0.4 16x 10-6 
gcm2 lOz-in-s2\ 


Required Shaft Length 
12.81.50) 
±0.5 i±0.02) 
mm 
inches I 
See Figure 10. 
Shaft in minimum 
length position. 


Bolt Circle 
20.91.823) 
±0.13 (±.005) 
mm (inches) 
See Figure 10. 


Mounting 
Screw Size 
1.6 x 0.35 x 5 mm 
mm 
DIN84 
or 
0-80 x 3/16 
inches 
Binding Head 


Electrical Characteristics 
When operating within the recommended 
operating range. 


Electrical Characteristics 
over Recommended Operating Range (Typical at 25°C). 
• 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Supply Current 
Ice 
21 
40 
mA 
HEDS-5000 12Channel) 


36 
60 
HEDS-5010 '3 Channel) 


High Level Output 
VOH 
2.4 
V 
IOH= -40~A Max. 


Voltage 


Low Level Output 
VOL 
0.4 
V 
IOL=3.2 
mA 
Voltage 


Rise Time 
lr 
0.5 
jJ.s 
CL = 25 pF. RI: = 11K Pull-up 


Fall Time 
tf 
0.2 
See Note 7 


Cable Capacitance 
Ceo 
12 
pF/metres 
Output Lead to Ground 


NOTES: 
1. The structural parts of the HEDS-5000 have been tested to 20g and up to 500 Hz. For use outside this range, operation may be limited 
at low frequencies 
(high displacement) 
by cable fatigue and at high frequencies 
by code wheel resonances. Resonant frequency 
depends on code wheel material and number of counts per revolution. 
For temperatures 
below -20° C the ribbon cable becomes 
brittle and sensitive to displacements. Maximum operating and storage temperature includes the surface area of the encoder mount- 
ing. Consult factory for further information. See Application Note 1011. 
2. 
In a properly assembled lot 99% of the units, when run at 25° C and 8 KHz, should exhibit a pulse width error less than 35 electrical 
degrees, and a state width error less than 45 electrical degrees. To calculate errors at other speeds and temperatures add the values 
specified in Figures 1 or 2 to to the typical values specified under encoding characteristics or to the maximum 99% values specified in 
this note. 
3. 
In a properly assembled lot, 99% of the units when run at 25° C and 8 KHz should exhibit an index pulse width greater than 260 
electrical degrees and less than 460 electrical degrees. To calculate index pulse widths at other speeds and temperatures add the 
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note. 
4. After adjusting index phase at assembly, the index phase error specification 
(.'><1>1) indicates the expected shift in index pulse position 


with respect to channels A and B over the range of recommended operating conditions and up to 50 KHz. 
5. When the index pulse is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once 
per revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and 
I outputs. The adjustment 
range indicates how far from the center of the low-low state that the center of the index pulse may be 
adjusted. 
6. The typical length of an assembled HEDS-5000 encoder is 17.8 (.70 inch). However, it is recommended that room be left to accomo- 


date a length of 21.6 (.85 inch). Future developments 
may result in an enhanced version of the HEDS-5000 encoder that is slightly 


longer. 
7. The rise time is primarily a fuction of the RC time constant of RL and CL. A faster rise time can be achieved with either a lower value 
of RL or CL. Care must be observed not to exceed the recommended value of IOLunder worst case conditions. 
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Figure 1. Typical Change In Pulse Width Error or In State 
Width Error due to Speed and Temperature 


Figure 3. Typical Change In Index Pulse Width Due to 
Speed and Temperature 
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Figure 2. Maximum Change In Pulse Width Error or In 
State Width Error Due to Speed and Temperature 
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Figure 4. Maximum Change In Index Pulse Width Due to 
Speed and Temperature 
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1/674LS14 


: ~~--------- 
GROUNO 


PIN #: 
FUNCTION 


1 
CHANNEL 
A 


2 
Vee 
3 
GROUND 


4 
N.C. OR GROUND 


5 
N.C. OR GROUND 


6 
GROUND 


7 
Vee 
8 
CHANNEL 
B 


9 
Vee 


10 
CHANNEL 
I 


NOTE: 
REVERSE 
INSERTION 
OF THE 
CONNECTOR 
WILL 
PERMANENTLY 
DAMAGE 
THE 
DETECTOR 
IC. 


MATING 
CONNECTOR 


BERG 
65-692-001 
OR EQUIVALENT 


I 


RESOLUTION (CYCLES PER REVOLUTION) 


OPTlON*9 


C-l00CPR 
G-360CPR 
o -192CPR 
H - 400 CPR 
E -200 
CPR 
A -500 
CPR 
F - 
256 CPR 
I - 512 CPR 
NOTE: OTHER RESOLUTIONS 
AVAILABt.E 
ON SPECIAL REQUEST. 


01-2mm 
02-3mm 
03-1/8 
in. 
04-5/32 
in. 
05- 
3/16 in. 
06-1/4in. 
l'-4mm 
14-5mm 
00 - 
USE WHEN ORDERING 
ENCODER BODIES 


~ 


2'8 


1.501 
2.5 MINIMUM 
(.10 MINIMUM) r 


-A---- 


20,90 
DIA. 
1.823DIA.1 


Ffl A 10'1.20/(.00811 


M 1.6 x .35 150 GH 


OR 
0·80 UNF·2B 


0- 
28 mm COMPLETE KIT 
1 - 28 mm CODE WHEEL 
2 - 28 mm ENCODER BODY 
3 - 28 mm EMITTER 
END PLATE" 


Shaft Encoder Kit Assembly 
See Application Note 1011for further discussion. 


The following assembly procedure represents a simple and reliable method for prototype encoder assembly. High volume assembly may 
suggest modifications 
to this procedure using custom designed tooling. In certain high volume applications encoder assembly can be 


accomplished in less than 30 seconds. Consult factory for further details. Note: The code wheel to phase plate gap should be set between 
0.015 in. and 0.045 in. 


I WARNING: 
THE ADHESIVES 
USED MA Y BE HARMFUL. 
CONSUL T THE MANUFACTURER'S 
RECOMMENDA 
TlONS. 


READ THE INSTRUCTIONS TO THE END BEFORESTARTING ASSEMBLY. 


1.0 SUGGESTED MATERIALS 
3.0 ENCODER BODY ATTACHMENT 


1.1 
Encoder Parts 
Encoder Body 
Emitter End Plate 
Code Wheel 


1.2 
Assembly Materials 
RTV - 
General Electric 162 
- 
Dow Corning 3145 


Epoxy-HysollC 
Acetone 
Mounting Screws (3) 
RTVand Epoxy Applicators 


1.3 
Suggested Assembly Tools 
a) Holding Screwdriver. 
b) Torque Limiting Screwdriver, 0.36 cm kg (5.0 in. oz.). 
c) Depth Micrometer or HEDS-8922 Gap Setter. 
d) Oscilloscope or PhaseMeter (Described in AN 1011).Either 
may be used for two channel phase adjustment. An oscillo- 
scope is required for index pulse phase adjustment. 


1.4 
Suggested Circuits 
a) Suggested circuit for index adjustment (HEDS-5010). 


74LS14 


11. 


BUFFER 
A 
1/474LS32 


For optimal index phase, adjust encoder position to equal- 
ize T1 and T2 pulse widths. 


b) phase Meter Circuit 


Recommended for volume assembly. Please see Appli- 
cation Note 1011 for details. 


THE ELAPSED 
TIME BETWEEN 
THIS STEP AND THE 
COMPLETION 
OF STEP 8 SHOULD 
NOT EXCEED 1/2 


HOUR. 


2.1 
Clean and degrease with acetone the mounting surface and 
shaft making sure to keep the acetone away from the motor 
bearings. 


2.2 
Load the syringe with RTV. 


2.3 
Apply RTV into screw threads on mounting surface. Apply 
more RTV on the surface by forming 
a daisy ring pattern 
connecting the screw holes as shown above. 


3.1 
Place the encoder body on the mounting surface and slowly 
rotate the body to spread the adhesive. Align the mounting 
screw holes with the holes in the body base. 


3.2 
Place the screws in the holding screwdriver and thread them 
into the mounting holes. Tighten to approximately 0.36 cm kg 
(5.0 in. oz.) using a torque limiting screwdriver if available (See 
notes a and b below). Remove centering cone if used. 


Notes: 
a) At this torque value, the encoder body should slide on the 


mounting surface only with considerable thumb pressure. 


b) The torque limiting screwdriver should be periodically calibrated 
for proper torque. 


4..1 
Collect a small dab of epoxy on an applicator. 


4.2 
Spread the epoxy inside the lower part of the hub bore. 


4.3 
Holding the code wheel by its hub, slide it down the shaft just 
enough to sit it squarely. About 3 mm (1/8"). 


5.0 CODE WHEEL POSITIONING 
---. , 


5.1 
Take up any loose play by lightly pulling down on the shaft's 
load end. 


5.2 
Using the gap setter or a depth micrometer, 
push the code 
wheel hub down to a depth of 1.65 mm (.065 in.) below the 
rim of the encoder body. The registration 
holes in the gap 
setter will align with the snaps protruding 
from the encoder 


body near the cable. 


5.3 
Check that the gap setter or micrometer 
is seated squarely 


on the body rim and maintains contact with the code wheel 
hub. 


5.4 
No epoxy should extrude through the shaft hole. 


6.1 
Visually check that the wire pins in the encoder body are 
straight and straighten if necessary. 


6.2 
Hold the end plate parallel to the encoder body rim. Align the 
guiding 
pin on the end plate with the hole in the encoder 
body and press the end plate straight down until it is locked 
into place. 


6.3 
Visually check to see if the end plate is properly seated. 


7.1 
The following 
procedure 
should be followed 
when phase 
adjusting channels A and B. 


7.2 
Connect the encoder cable. 


7.3 
Run the motor. Phase corresponds 
to motor direction. See 
output waveforms and definitions. 
Using either an oscillo- 
scope or a phase meter, adjust the encoder for minimum 
phase error by sliding the encoder forward or backward on 
the mounting surface as shown above. See Application 
Note 
1011 for the phase meter circuit. 


7.4 
No stress should be applied to the encoder package until the 
RTV cures. Cure time is 2 hours @ 700 Cor 24 hrs. at room 
temperature. 


Note: After mounting, the encoder should be free from mechani- 
cal forces that could 
cause a shift 
in the encoder's 
position 
relative to its mounting surface. 


In the event that the code wheel has to be removed after the epoxy 
has set, use the code wheel extractor as follows: 
1 
Remove the emitter end plate by prying a screwdriver in the 
slots provided around the encoder body rim. Avoid bending 
the wire leads. 
2 
Turn the screw on the extractor counter-clockwise 
until the 
screw tip is no longer visible. 
3 
Slide the extractor's horseshoe shaped lip all the way into the 
groove on the code wheel's hub. 
4 
While holding the extractor body stationary, turn the thumb 
screw clockwise until the screw tip pushes against the shaft. 


5 
Applying 
more turning 
pressure will pull the hub upwards 
breaking the epoxy bond. 
6 
Clean the shaft before reassembly. 


8.1 
Some applications 
require that the index pulse be aligned 
with the main data channels. The index pulse position and 
the phase must be adjusted simultaneously. 
This procedure 
sets index phase to zero. 


8.2 
Connect the encoder cable. 


8.3 
Run the motor. Adjust for minimum 
phase error using an 
oscilloscope or phase meter (see 7.3). 


8.4 
Using an oscilloscope 
and the circuit shown in 1.4, set the 
trigger for the falling edge of the I output. Adjust the Index 
pulse so that T1 and Tz are equal in width. The physical 
adjustment is a side to side motion as shown by the arrow. 


8.5 
Recheck the phase adjustment. 


8.6 
Repeat steps 8.3-8.5 until both phase and index pulse posi- 
tion are as desired. 


8.7 
No stress should be applied to the encoder package until the 
RTV has cured. Cure time: 2 hours@70°Cor24 
hrs. at room 
temperature. 
• 
SPECIALITY 
TOOLS 
- 
Available 
from 
Hewlett-Packard 


al 
HEDS-8920 Hub Puller 
This tool may be used to remove code wheels from shafts 
after the epoxy has cured. 


HEDS-8922 Gap Setter 
This tool may be used in place of a depth micrometer as 
an aid in large volume assembly. 
~ 


1.65' .03mm .J'~o 
(.065! 
.001 in.) 


HEDS-892X Centering Cones 
0 
For easier volume assembly this tool in its appropriate 
shaft size may be used in step 3.0 to initially center the 
encoder body with respect to the shaft and aid in locating 
the mounting screw holes. Depending on the resolution 
and accuracy required this centering may eliminate the 
need for phase adj ustment steps 7 and 8. 


Part Number 
Shaft Size 
HEDS-8923 
2 mm 


HEDS-8924 
3 mm 
~ 
HEDS-8925 
1/8 in 
HEDS-8926 
5/32 in. 
. 


HEDS-8927 
3/16 in. 
HEDS-8928 
1/4 in. 
HEDS-8929 
4 mm 
HEDS-8931 
5 mm 


d) 
HEDS-8930 HEDS-5000 Tool Kit 
1 
Holding Screwdriver 
1 
Torque Limiting Screwdriver, 0.36 cm kg (5.0 In. oz.) 


1 
HEDS-8920 Hub Puller 
. 


1 
HEDS-8922 Gap Setter 
1 
Carrying Case 


FliOW 
HEWLETT 
~~ 
PACKARD 


56 mm DIAMETER 


TWO AND THREE 


CHANNEL INCREMENTAL 


OPTICAL ENCODER KIT 


HEDS·6000 


SERIES 


Features 


• 
192-1024 
CYCLES/REVOLUTION 
AVAILABLE 
• 
MANY 
RESOLUTIONS 
STANDARD 
• 
QUICK 
ASSEMBLY 
• 
0.25 mm (.010 INCHES) 
END PLAY ALLOWANCE 
• 
TTL COMPATIBLE 
DIGITAL 
OUTPUT 


• 
SINGLE 
5V SUPPLY 


• 
WIDE 
TEMPERATURE 
RANGE 
• 
SOLID 
STATE 
RELIABILITY 


• 
INDEX 
PULSE 
AVAILABLE 


The 
HEDS-6000 
series 
is a high 
resolution 
incremental 
optical 
encoder 
kit 
emphasizing 
ease 
of 
assembly 
and 
reliability. 
The 56 mm diameter 
package 
consists 
of 3 parts: 


the encoder 
body, a metal code wheel, and emitter end plate. 
An LED source 
and lens transmit 
collimated 
light from the 
emitter 
module 
through 
a precision 
metal code wheel and 
phase plate into a bifurcated 
detector 
lens. 


The light is focused 
onto pairs of closely 
spaced 
integrated 
detectors 
which 
output 
two 
square 
wave 
signals 
in 
quadrature 
and an optional 
index pulse. Collimated 
light and 
a custom 
photodetector 
configuration 
increase 
long 
life 
reliability 
by reducing 
sensitivity 
to shaft 
end 
play, 
shaft 
eccentricity 
and LED degradation. 
The outputs 
and the 5V 
supply 
input 
of the HEDS-6000 
are accessed 
through 
a 10 
pin connector 
mounted 
on a .6 metre ribbon 
cable. 


~TION 
IDC 
CONNECTOR 
CENTER 
POLARIZED 


CODE 
WHEEL 


1 


_ 
7 


. 
62 


(0.3001 


I 


ENCODER BODY 
~196_1 


(0.7781 


A standard 
selection 
of shaft sizes is available 
and resolu- 
tions 
between 
192 and 
1024 
cycles 
per 
revolution 
are 
available 
as options. 
The 
part 
number 
for the standard 
2 
channel 
bit 
is HEDS-6000, 
while 
that 
for 
the 
3 channel 
device, 
with 
index 
pulse, 
is 
HEDS-6010. 
See 
Ordering 


Information 
for more details. 


Printers, 
Plotters, 
Tape 
Drives, 
Positioning 
Tables, 
Auto- 
matic 
Handlers, 
Robots, 
and any other 
servo loop where a 
small high performance 
encoder 
is required. 


••• 
55.9 MAX. 
OIA. 
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Block Diagram and output Waveforms 
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The incremental 
shaft encoder 
operates 
by translating 
the 
rotation 
of a shaft into interruptions 
of a light beam which are 
then output 
as electrical 
pulses. 


In the HEDS-6XXX 
the light source 
is a Light Emitting 
Diode 


collimated 
by a molded 
lens into a parallel beam of light. The 
Emitter 
End Plate contains 
two or three similar 
light sources, 
one for each channel. 


The 
standard 
Code 
Wheel 
is a metal 
disc 
which 
has N 


equally 
spaced 
slits around 
its circumference. 
An aperture 
with 
a matching 
pattern 
is positioned 
on 
the 
stationary 
phase plate. The light beam is transmitted 
only when the slits 
in the code wheel and the aperture 
line up; therefore, 
during 


a complete 
shaft 
revolution, 
there 
will 
be 
N alternating 


light 
and dark 
periods. 
A molded 
lens beneath 
the phase 


plate 
aperture 
collects 
the 
modulated 
light 
into 
a silicon 


detector. 


The Encoder 
Body contains 
the phase plate and the detec- 


tion 
elements 
for 
two 
or 
three 
channels. 
Each 
channel 


consists 
of an integrated 
circuit 
with two photodiodes 
and 
amplifiers. 
a comparator, 
and output 
circuitry. 


The apertures 
for the two photodiodes 
are positioned 
so that 


a light period 
on one detector 
corresponds 
to a dark period 


on the other. The photodiode 
signals are amplified 
and fed to 
the comparator 
whose 
output 
changes 
state when the dif- 


ference 
of the two 
photo 
currents 
changes 
sign 
("Push- 


Pull"!. 
The second 
channel 
has a similar 
configuration 
but 


the location 
of its aperture 
pair provides 
an output 
which 
is in 
quadrature 
to the first 
channel 
(phase 
difference 
of 90°). 


Direction 
of rotation 
is determined 
by observing 
which of the 
channels 
is the leading waveform. 
The outputs 
are TTL logic 
level signals. 


The optional 
index channel 
is similar 
in optical 
and electrical 


configuration 
to the A,B channels 
previously 
described. 
An 
index 
pulse of typically 
1 cycle 
width 
is generated 
for each 
rotation 
of the code 
wheel. 
Using 
the recommended 
logic 
interface, 
a unique 
logic 
state (Po) can be identified 
if such 


accuracy 
is required. 


The three 
part kit is assembled 
by attaching 
the Encoder 
Body to the mounting 
surface 
using two screws. 
The Code 
Wheel 
is set to the correct 
gap and secured 
to the shaft. 


Snapping 
the cover 
(Emitter 
End Plate) on the body 
com- 


pletes the assembly. 
The only adjustment 
necessary 
is the 


encoder 
centering 
relative 
to the shaft, to optimize 
quadra- 


ture and optional 
index 
pulse output. 


CYCLE: 360 ELEe. DEG. 
PULSE WIDTH: 
180 ELEC. DEG. 


lOGIC STATE: 90 ElEC. DEG. 


"\ 
1.6v--Fl"\1 
I -F\. 
-F CHANNELA 


~ 
O.4V~1 
-L-.J 


~CHANNELB 


1 
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Index 
Pulse Considerations 


The motion 
sensing 
application 
and encoder 
interface 
cir- 
cuitry 
will determine 
the need for relating 
the index pulse to 
the main data tracks. A unique 
shaft position 
is identified 
by 
using the index pulse output 
only or by logically 
relating 
the 


index 
pulse to the A and B data channels. 
The HEDS-6010 
index 
pulse can be uniquely 
related 
with 
the A and B data 


tracks 
in a variety 
of ways 
providing 
maximum 
flexibility. 


Statewidth, 
pulse width or edge transitions 
can be used. The 
index pulse position, 
with respect to the main data channels, 


is easily adjusted 
during 
the assembly 
process 
and is illus- 
trated 
in the assembly 
procedures. 


Electrical 
degrees; 
1 shaft rotation 
= 360 angular 
degrees 


= N electrical 
cycles 


1 cycle 
= 360 electrical 
degrees 


Position 
Error: 


The angular 
difference 
between the actual shaft position 
and 
its position 
as calculated 
by counting 
the encoder's 
cycles. 


Cycle 
Error: 


An indication 
of cycle uniformity. 
The difference 
between an 
observed 
shaft angle which 
gives rise to one electrical 
cycle, 


and the 
nominal 
angular 
increment 
of 1/N 
of a revolution. 


Phase: 
The angle 
between 
the center 
of Pulse A and the center 
of 


Pulse B. 


Index Phase: 
For counter 
clockwise 
rotation 
as illustrated 
above, 
the 


Index 
Phase is defined 
as: 


<PI = (<1>1 - 
<1>2). 


2 


<1>1 is the angle, in electrical 
degrees, between the falling edge 


of 
I and 
falling 
edge 
of 
B. 
<1>2 is the 
angle, 
in electrical 
degrees, 
between 
the rising 
edge of A and the rising 
edge 
of I. 


Index Phase Error: 
The 
Index 
Phase 
Error 
(~<PI) 
describes 
the change 
in the 


Index Pulse position 
after assembly 
with respect to the Aand 


B channels 
over the recommended 
operating 
conditions. 


• 


Parameter 
Symbol 
Min. 
Max. 
Units 
Notes 


Storage 
Temperature 
Ts 
-55 
100 
°Celsius 


Operating 
Temperature 
TA 
-55 
100 
°Celslus 
See Note 
1 


Vibration 
20 
g 
See Note 
1 


Shaft 
Axial 
Play 
.58123' 
mm 
linch/1000' 


TIR 


Shaft 
Eccentricity 
Plus 
.25 (10 
mm 
Iinch/1000' 
Movement 
should 
be limited 


Radial 
Play 
TIR 
even 
under 
shock 
conditions. 


Supply 
Voltage 
Vcc 
-05 
7 
Volts 


Output 
Voltage 
Vo 
-0.5 
Vcc 
Volts 


Output 
Current 
10 
-1 
5 
mA 


Velocity 
12.000 
R.P.M. 


Acceleration 
a 
250.000 
Rad. Sec·2 


Parameter 
Symbol 
Min. 
Max. 
Units 
Noles 


Temperature 
T 
-20 
85 
°Celsius 
Non-condensing 
atmos. 


Supply 
Voltage 
Vcc 
4.5 
5.5 
Volt 
Ripple 
< 100mVp_p 


Code 
Wheel 
Gap 
1.1 145 
mm (inch/1000) 
Nominal 
gap = 


Shaft 
Perpendicularity 
0.25 (10) 
mm 
(inch/1000) 
0.76 mm 
.030 in.) when 
shaft 


Plus 
Axial 
Play 
T1R 
is at minimum 
gap 
position. 


Shaft 
Eccentricity 
Plus 
0.04 (1.5) 
mm (inch 
1000) 
10 mm 
(0.4 inch) 
from 
Radial 
Play 
T1R 
mounting 
surface. 


load 
Capacitance 
CL 
100 
pF 


The 
specifications 
below 
apply 
within 
the 
recommended 
operating 
conditions 
and 
reflect 
performance 
at 1000 cycles 
per 
revolution 
(N = 1000). 
Some 
encoding 
characteristics 
improve 
with 
decreasing 
cycles 
(Nl. Consult 
Application 
Note 
1011 or 
factory 
for additional 
details. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes See Definitions 


Position 
Error 
~(1 
7 
18 
Minutes 
of Arc 
1 Cycle = 21.6 Minutes 
See Figure 
5. 


Cycle 
Error 
~C 
3 
5.5 
Electrical 
deg. 


Max. 
Count 
Frequency 
fMAX 
130.000 
200.000 
Hertz 
f = Velocity 
RPM 
x NI60 


Pulse 
Width 
Error 
~P 
12 
Electrical 
deg. 
T = 25° C. f = 8 KHz 
See Note 
2 


Phase 
Sensitivity 
to 
227 
Elec. deg.lmm 
Eccentricity 
5.8 
Elec. 
deg .•mil! 
mil = inch/1000 


Phase 
Sensitivity 
to 
20 
Elec. deg.lmm 
Axial 
Play 
.5 
Elec. deg.lmill 
mil = InCh/1000 


logic 
State 
Width 
Error 
~S 
25 
Electrical 
deg. 
T = 25°C. 
f= 
8 KHz 
See Note 
2 


Index 
Pulse 
Width 
PI 
360 
Electrical 
deg. 
T = 25° C. f = 8 KHz 
See Note 
3 


Index 
Phase 
Error 
~<l>1 
0 
17 
Electrical 
deg. 
See Notes 
4. 5 


Index 
Pulse 
::':165 
Electrical 
deg. 


Adjustment 
Range 


Parameter 
Symbol 
Dimension 
Tolerance 
Units 
Notes 


Outline 
Dimensions 
See Mech. Dwg. 


Code Wheel Available 
to 
4 
+.000 
mm 
Fit the Following 
Standard 
6 
-.015 
Shaft Diameters 
8 


3/16 
3/8 
+.0000 
inches 


1/4 
1/2 
-.0007 
5/16 
5/8 


Moment 
of Inertia 
J 
7.7 ,110 x 10-6\ 
gcm2 IOz-in-s2, 


Required 
Shaft Length 
15.9(0.625 
±0.6 (±.024, 
mm {inches I 
See Figure 
10. 


Shaft at minimum 
length 
position. 


Bolt Circle 
46.0' 1811 
:!:0.13 ±.005 
mm (inches 
See Figure 
10. 


Mounting 
Screw Size 
2.5 x 0.45 x 5 
mm 
OR 


#2-56 x 3/16 
inches 


Pan Head 
• 


Electrical Characteristics 
When operating 
within 
the recommended 
operating 
range. 


Electrical 
Characteristics 
over Recommended 
Operating 
Range ITypical 
at 25°C. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Notes 


Supply 
Current 
Ice 
21 
40 
mA 
HEDS-6000(2 
Channel} 


36 
60 
HEDS-6010 
(3 Channel) 


High Level Output 
VOH 
2.4 
V 
IOH= -40JlA Max. 


Voltage 


Low Level Output 
VOL 
0.4 
V 
IOL=3.2 
mA 


Voltage 


Rise Time 
tr 
0.5 
I-'S 
CL = 25 pF, RL = 11K Pull-up 


Fall Time 
tf 
0.2 
See Note 6 


Cable Capacitance 
Ceo 
12 
pFlmeter 
Output 
Lead to Ground 


NOTES: 
1. The structural parts of the HEDS-6000 have been successfully tested to 20g. In a high vibration environment use is limited at low 
frequencies (high displacement I by cable fatigue and at high frequencies by code wheel resonances. Resonant frequency depends on 
code wheel material and number of counts per revolution. For temperatures below -20°C the ribbon cable becomes brittle and sensitive 
to displacements. Maximum operating and storage temperature includes the surface area of the encoder mounting. Consult factory for 
further information. See Application Note 1011. 
2. In a properly assembled lot 99% of the units, when run at 25°C and 8 KHz, should exhibit a pulse width error less than 32 electrical 


degrees, and a state width error less than 40 electrical degrees. To calculate errors at other speeds and temperatures add the values 
specified in Figures 1 or 2 to the typical values specified under encoding characteristics or to the maximum 99% values specified in 
this note. 
3. In a properly assembled lot, 99% of the units when run at 25°C and 8 KHz should exhibit an index pulse width greater than 260 
electrical degrees and less than 460 electrical degrees. To calculate index pulse widths at other speeds and temperatures add the 
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note. 


4. Index phase is adjusted at assembly. Index phase error is the maximum change in index phase expected over the full temperature 
range and up to 50 KHz, after assembly adjustment of the index pulse position has been made. 
5. When the index pulse is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once per 


revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and I 
outputs. The adjustment range indicates how far from the center of the low-low state that the center of. the index pulse may be 
adjusted. 
6. The rise time is primarily a function of the RC time constant of Rl and Cl. A faster rise time can be achieved with either a lower value of 
Rl or Cl. Care must be observed not to exceed the recommended value of 10l under worst case conditions. 
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Figure 1. Typical 
Change In Pulse Width Error or In State 
Width Error due to Speed and Temperature 
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Figure 2. Maximum 
Change In Pulse Width Error or In 


State Width Error Due to Speed and Temperature 
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Figure 3. Typical 
Change In Index Pulse Width Due to 
Speed and Temperature 
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Figure 4. Maximum 
Change In Index Pulse Width Due to 


Speed and Temperature 


:=1---------GROUND 


PIN.: 
FUNCTION 


1 
CHANNEL 
A 


2 
Vee 
3 
GROUND 


4 
N.C. OR GROUND 
5 
N.C. OR GROUND 


6 
GROUND 
7 
Vee 
8 
CHANNEL 
B 


9 
Vee 
10 
CHANNEL 
I 


SETSCREW 


2·56 
HOLLOW 
OVAL 
POINT 


o -192CPR 
E -200 
CPR 
H - 
400 CPR 
A - 
500 CPR 


NOTE: 
OTHER 
RESOLUTIONS 
AVAILABLE 
ON SPECIAL 
REQUEST 


1-512CPR 
B - 
1000 CPR 
J -1024CPR 


06 - 
3/16 
IN. 
06 - 1/4 IN. 
07 - 5/16 IN. 
08 - 
3/8 IN. 


09 - 1/2 IN. 
10 - 5/8 IN. 
11-4mm 
12 - 6 mm 


13 - 
8 mill 
00 - 
USE WHEN 
ORDERING 
ENCODER 
BODIES 


5.0 MIN.--l 
10.201 
"I 


~- 


46.00 
,::":. 
H 


1062~ 


o - 
56 mm COMPLETE 
KIT 
1 - 
56 mm CODE WHEEL 
2 - 
56 mill 
ENCODER 
BODY 


3 - 
55 mm EMITTER 
END PLATE" 
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READ THE 
INSTRUCTIONS 
TO THE END BEFORE 
STARTING 
ASSEMBLY. 


1.0 
SUGGESTED 
MATERIALS 
3.0 
ENCODER 
BODY ATTACHMENT 


1.1 
Encoder Parts 
Encoder Body 
Emitter End Plate 
Code Wheel 


1.2 
Assembly Materials 
RTV-General Electric 162 


-Dow Corning 3145 
Acetone 
Mounting Screws (21 


1.3 
Assembly Tools 
al Torque limiting screwdriver, 0.5 cm kg. 7.0 in. oz. I. 
bl Straight edge. Straight within 0.1 mm 10.004in. 1 
c I Oscilloscope. IPhase meter may be optionally used for two 
channel calibration. 


d 1 Hub puller. Grip-O-Matic-OTC 
#1000 2-jaw or equivalent. 


Optional tool for removing code wheels. 


eI Syringe applicator for RTV. 
f) Torque limiting Allen wrench. 0.5 cm kg (7.0 in. oz.) 


0.035 in. hex. 


1.4 
Suggested Circuits 
al 
Suggested circuit for index adjustment IHEDS-6010. 


74lS14 


11 


BUFFER 
A 
1/474LS32 


For optimal index phase adjust encoder position to equalize 
T, and Tz pulse widths. 


b 1 Phase Meter Circuit 
Recommended for volume assembly. Please see Appli- 
cation Note 1011 for detaiIs. 


THE ELAPSED TIME BETWEEN THIS STEP AND THE 
COMPLETION 
OF STEP8 SHOULD NOT EXCEED 1/2 
HOUR. 


2.1 
Clean and degrease with acetone the mounting surface and 
shaft making sure to keep the acetone away from the motor 
bearings. 


2.2 
Load the syringe with RTV. 


2.3 
Apply RTV into screw threads on mounting surface. Apply 
more RTV on the surface by' forming 
a daisy ring pattern 


connecting the screw holes as shown above. 


CAUTION: 
KEEP RTV AWA Y FROM THE SHAFT BEARING. I 


3.1 
Place the encoder body on the mounting surface and slowly 
rotate the body to spread the adhesive. Align the mounting 
screw holes with the holes in the body base. 


3.2 
Place the two mounting screws into the holding bosses in the 
body base, as shown. 


3.3 
Thread the screws into the mounting holes and tighten both to 
0.5 cm kg 17.0in. oz. 
using the torque limiting screwdriver. 


1See notes A and B I. 


3.4 
It is not necessary to center the encoder body at this time. 


Notes: 
a 
At this torque value, the encoder body should slide on the mount- 
ing surface only with considerable thumb pressure. 


b 
The torque limiting screwdriver should be periodically calibrated 
for proper torque. 


4.1 
Make sure that the hex screw on the hub does not enter into the 
hub bore. 


4.2 
Applya small amount of RTV onto the inner surface of the hub 
bore. 


4.3 
Spread the RTV evenly inside the entire hub bore. 


4.4 
Holding the code wheel by its hub, slide it down onto the shaft 
until the shaft extends at least halfway into the bore. 


5.1 
Position the Allen torque wrench into the hex set screw in the 
hub, as shown. 


5.2 
Pull the shaft end down to bottom out axial shaft play. Using 
the straight edge, push the top of the hub even with the top of 
the encoder bocy. The Allen wrench should be used during 
this movement to apply a slight upward force to the hub, 
insuring continuous contact between the straightedge and the 
hub. 


5.3 
Tighten the hex set screw to approximately 0.5 em. kg. 7.0 in. 


OZ.I and remove the straight edge. 


5.4 
The code wheel gap may now be visually inspected to check 
against gross errors. A nominal gap of 0.8 mm 
0.030 in. 


should be maintained. 


6.1 
Visually check that the wire pins in the encoder body are 
straight and straighten if necessary. 


6.2 
Align the emitter end plate so that the two flanges straddle the 
track of the encoder body where the wire pins are located. 
Press the end plate until it snaps into place. 


6.3 
Visually check to see if the end plate is properly seated. 


7.1 
The following 
procedure 
should be followed 
when phase 


adjusting channels A and B. 


7.2 
Connect the encoder cable. 


7.3 
Run the motor. Phase corresponds to motor direction. See 
output waveforms and definitions. Using either an oscilloscope 
or a phase meter, adjust the encoder for minimum phase error 
by sliding the encoder forward or backward on the mounting 
surface as shown above. See Application Note 1011 for the 
phase meter circuit. 


7.4 
No stress should be applied to the encoder package until 
the RTV cures. Curve time is 2 hours @ 70° C or 24 hours 
at room temperature. 


Note: After mounting, the encoder should be free from mechanical 
forces that could cause a shift in the encoder's position relative to its 
mounting surface. 
• 


8.1 
Some applications require that the index pulse be aligned with 
the main data channels. The index pulse position and the 
phase must be adjusted simultaneously. This procedure sets 
index phase to zero. 


8.2 
Connect the encoder cable. 


8.3 
Run the motor. Adjust for minimum phaseerror using an oscil- 
loscope or phase meter. (See 7.3). 


8.4 
Using an oscilloscope and the circuit shown in 1.4, set the 
trigger for the falling edge of the PI output. Adjust the index 
pulse so that T, and T2are equal in width. The physical adjust- 
ment is a side to side motion as shown by the arrow. 


8.5 
Recheck the phase adjustment. 


8.6 
Repeat steps 8.3-8.5 until both phase and index pulse position 
are as desi red. 


8.7 
No stress should be applied to the encoder package until 
the RTV has cured. Cure time: 2 hours @ 70° Cor 24 hours 
at room temperature. 


• 
High Speed Optocouplers 
• 
High Gain Optocouplers 
• 
Low Current Optocoupler 
• AC/DC to Logic Interface 
Optocoupler 


• 
• 20 mA Current Loop 
Optocouplers 


• 
Commercial 
Burn-in for 
Plastic Optocouplers 


• 
Hermetic Optocouplers 


Flio- HEWLETT 
~~ 
PACKARD 


Optocouplers 


Hewlett-Packard's 
original 
approach 
toward 
integrated 
output 
detectors 
provides 
performance 
not found 
in 
conventional 
phototransistor 
output 
devices. A family of 
optocouplers 
has been 
established 
to provide reliable, 


economical. 
high 
performance 
solutions to 
problems 
caused 
by ground 
loops and induced 
common 
mode 
noise for both analog 
and digital 
applications 
in 
commercial, 
industrial and 
military products. 


The capabilities 
of this family 
span a wide range. Device 
selections include: 
programmable 
AC/DC 
power 
sensing input with logic output; 
speeds up to 10M bits/s: CTR 
gains as high as 700% and 
input currents as low as 0.5 mA. 
HP's HCPL-2200 features 
guaranteed 
propagation 
delay of 400 ns max. from 0 to 
85 degrees C with a wide Vee 
range from 4.5 V to 20 Vand 
Ice of only 6 mA. Additionally, 
the high CMR of 1000 V/ f.lS and 
built-in hysteresis help assure 
reliable circuit design. 


Hewlett-Packard 
also has 
available 
highly linear 
optocouplers 
that are useful in 
analog 
appiications, 
a unique 
integrated-input 
optically 
coupled 
line receiver that can 
be connected 
directly to 
twisted pair wires without 
additional 
circuitry, and 
optocouplers 
that provide 
compiete 
isolated transmit 
and receive functions 
for a 20 
mA current loop. Commercial 
burn-in and screening 
programs 
are available 
for 
Hewlett-Packard's 
plastic 
optocouplers 
upon special 
request. See the High 
Reliability section (page 
8-7) 
for additional 
details. 


Many of these devices are 
available 
in dual channel 
versions, as well as in hermetic 
DIP packages. 
For military 
users. Hewlett-Packard's 
established, 
and DESC 
recognized 
hi-rei capability 
facilitates 
economical. 
hi-rei 
purchases, 


Hewlett-Packard's 
newest 
optocoupler. 
the HCPL-2300, 


features a guaranteed 
low 
threshold 
current of 0.5 mA 
with a guaranteed 
data 
rate 
of 5 MBaud over temperature. 
Additionally, 
the HCPL-2300 
can be selected 
for threshold 
current as low as 150 f.lA. 


Typical 
Current 
Specified 
Withstand 
Data Rate 
Transfer 
Input 
Test 
Page 
Device 
Description 
Applicationl1! 
(NRZI 
Ratio 
Current 
Voltage 
No. 


- 
6N135 
Transistor 
Output 
Line Receiver, 
Analog 
1 M bills 
7%Min. 
16mA 
3000 V dc 
5-6 
,(t" 


Circuits, 
TTLiCMOS, 
'Al(3) 


ANODEIl !fl 
~VB 
TTLiLSTTL 
Ground 


CATHODE 
~ 
tIDv, 
Isolation 


@ 
00 GND 6N136 
19% Min. 
- 
HCPL-2502 
15-22%[2J 


HCPL-2503 
LSTTLILSTTL 
250 K bills 
15% Min. 
8mA 
t-s:1o 


Logic Interface 


SL5505 
Telephone 
circuits, 
1 M bit Is 
15% Min. 
16mA 
1500 V dc 
5-15 
Approved 
by CNET 
40% Max. 


~ 
HCPL-2530 
Dual Channel 
Line Receiver, 
Analog 
1 M bills 
7% Min. 
16mA 
3000 V dc 
5-17 
..."'~~~'" 
Transistor 
Output 
Circuits. 
TTLiCMOS. 
'Al(3) 
CATHDDE,Il' 
t1JVOI 
TTLiLSTTL 
Ground 
cmDDE'~~ 
lIDv'" 
HCPL-2531 
Isolation 
19% Min. 
ANDDE,@ 
@lGND HCPL-2533 
TTLiLSTTL 
250 K bills 
12% Min. 
~ 


Logic 
Interface 


TTLiLSTTL 
15% Min. 
8 mA 


Logic 
Interface 


f------ 
~ 
HCPL-2200 
Low Input Current 
High Speed Logic 
5 M bills 
3 State 
16mA 
5-26 
IT 
tIDvcc 


ANDDEllty+-~ 
~V,ur 
Optically 
Coupled 
Ground 
Isolation, 
Output 


Logic Gate 
LSTTL. TTL. CMOS 


cmDDE~ 
~tIDVE 
Logic 
Interface 


@ 
OOGND 
VCC = 20 V Max. 
~ 


[j 
[lIDvCC 
HCPL-2300 
Low Input Current. 
High Speed. Long 
5 M bills 
1600% 
0.5 mA 
3000 V dc 
5-30 


ANDDElll' 
IIlR, 
High Speed Opto- 
Distance 
Line 
Min. 
'Al[3j 


CATHODE 
~ 
~'~ 
lIDV,ur 
Coupler 
Receiver, 
Computer 


@ 
~@lGND 
Peripheral 
Interfaces, 


- 
CMOS Logic 
Interface 


[j 
IIDVcc 
6N137 
Optically 
Coupled 
Line Receiver, 
High 
10 M bills 
700% Typ. 
5.0 mA 
3000 V dc 
5-36 


ANODE~ J}D;!TIv, 
Logic Gate 
Speed Logic Ground 
'All31 


CATHDDE@ " 
tIDV,ur 
Isolation 


@ 
@lGND 
- 


[j 
ilvcc 
HCPL-2601 
High Common 
Mode 
Line Receiver, 
High 
10 M bills 
700% Typ. 
5.0 mA 
3000 V dc 
5-40 


ANDDE~ 
J~D; 
IIv, 
Rejection. 
Optically 
Speed Logic 
Ground 
'Al[3) 


CATHDDE@ 
IDv,ur 


Coupled 
Logic Gate 
Isolation 
in High 
L 
Ground 
or Induced 
@ 
IDGND 
Noise Environments 


~." 


HCPL-2602 
Optically 
Coupled 
Replace Conventional 
10 M bills 
700% Typ. 
5.0 mA 
3000 V dc 
5-44 
+IN 2 
L 
7 V, 
Line Receiver 
Line Receivers 
in High 
'Al[3) 


-IN 
VOUT 
Ground 
or Induced 


4 
s GND 
Noise Environments 


~ 
ANDDE,[I@<, 
]I Vcc HCPL-2630 
Oual Channel 
Line Receiver. 
High 
10 M bills 
700% Typ. 
5.0 mA 
3000 V dc 
5-50 


CATHDDE,Il 
,'t>- 
] 
VOl 
Optically 
Coupled 
Speed Logic Ground 
'Al[3] 


CATHDDE,@t3';;t>-]lV", 
Gate 
Isolation 


ANODE,@ 
]I GND 
'---- 
- 
ANODE,[I 3-~ 
IDVcc 
HCPL-2631 
Dual Channel. 
Line Receiver. 
High 
10 M bills 
700% Typ. 
5.0 mA 
3000 V dc 
5-54 


CATHDDE,Il 
~:'t>- IIVOl 
High Common 
Mode 
Speed Logic Ground 
'Al[3] 


CATHDDE,@Jft>- 
§] V", 
Rejection. 
Optically 
Isolation 
in High 


ANODE,@ 
. ~ 
IDGND 


Coupled 
Logic 
Gate 
Ground 
or Induced 


- 
Noise Environments 


• 


Typical 
Current 
Specilied 
Withstand 
Data Rate 
Transfer 
Input 
Test 
Page 


Device 
Description 
Application(1) 
(NRZI 
Ratio 
Current 
Voltage 
No. 


6N138 
Low Saturation 
line 
Receiver. 
Low 
300k bills 
300% Min. 
1.6 mA 
3000 V dc 
5-58 


Voltage. 
High Gain 
Current 
Ground 
~[3) 


Output, 
Vcc = 7 V Max. 
Isolation, 
TTLITTL, 
~." 


LSTTLITTL. 


ANODE 2.,. 
7 VB 
CMOSITTL 


CATHODE 
Vo 
6N139 
Low Saturation 
line 
Receiver. 
Ultra 
400% Min. 
0.5 mA 


4 
5 GNO 
Voltage, 
High Gain 
Low Current 
Ground 
Output, 
Vcc = 18 V 
Isolation. 
CMOSI 


Max. 
LSTTL, CMOS/TTL. 
CMOS/CMOS 


ANOOE,[ 


~ 


IDvcc HCPL-2730 
Dual Channel. 
High 
line 
Receiver, 
Polarity 
300k bills 
300% Min. 
16mA 
3000 V dc 
5-62 
Il: 
Ilv" 
Gain, Vr.r. = 7 V Max. 
Sensing, 
Low Current 
~[3) 
~ 
~v" 
HCPL-2731 
Dual Channel, 
High 
Ground 
Isolation 
400% Min. 
0.5 mA 


ANODE, [! 
~GNO 
Gain, Vcc = 18 V Max. 


ANODE~VB 
4N45 
Darlington 
Output 
AC Isolation, 
Relay- 
3k bills 
250% Min. 
10 mA 
3000 V dc 
5-66 


CATHODE 2 
" 
5 Vo 
Vcc = 7 V Max. 
Logic 
Isolation 
~[31 


3 
4 GNO 4N46 
Darlington 
Output 
350% Min. 
0.5 mA 
VCC = 20 V Max. 


Input 
Withstand 
Typical 
Threshold 
Output 
Test 
Page 


Device 
Description 
Application(1) 
Data Rates 
Current 
Current 
Voltage 
No. 


HCPL-3700 
AC/DC 
to Logic 
limit 
Switch 
4 KHz 
25 mA TH+ 
42 mA 
3000 V dc 
5-70 


~ 


Threshold 
Sensing 
Sensing, 
Low Voltage 
13 mA TH- 
~[31 
Interface 
Optocoupler 
Detector, 
Relay 
Contact 
Monitor 


Input 
Output 
Withstand 
Typical 
Char- 
Char- 
Test 
Page 


Device 
Description 
Application(1) 
Data Rates 
acteristics 
acteristics 
Voltage 
No. 


HCPL-4100 
Optically 
Coupled 
Isolated 
20 mA 
20 kBd (at 
TTLICMOS 
27 V Max. 
3000 V dc 
5-76 


~ 


20 mA Current 
Loop 
Current 
Loop in: 
400 metres) 
Compliance 
~[31 
Transmitter 
• 
Computer 
Voltage 
Peripherals 


• 
Industrial 
Control 
Equipment 


• 
Data 
Communication 
Equipment 


- 
HCPL-4200 
Optically 
Coupled 
6.5 mA 
3 State 
5-84 
f8j 
r- 


20 mA Current 
Loop 
Typ. 
Output 


o ~~fK 
Receiver 
Threshold 
Current 
l- 
"- 


Hermetic 
Optocouplers 


Typical 
Current 
Specified 
Withstand 
Data Rate 
Transfer 
Input 
Test 
Page 


Device 
Description 
Application 
(NRZ] 
Ratio 
Current 
Voltage 
No. 


6N134 
Dual Channel 
Line Receiver. 
10M bit/s 
400% Typ. 
10 mA 
1500 V dc 
5-96 


Hermetically 
Sealed 
Ground 
Isolation 
for 
Optically 
Coupled 
High Reliability 


Logic Gate 
Systems 


8102801EC 
DESC Approved 
Military/High 
5-99 


6N134 
Reliability 


6N134TXV 
TXV - 
Screened 
8102801EC 
5-96 


6N134TXVB 
TXVB - 
Screened 
Recommended 
for 


with 
Group B 
New Designs 


Data 


6N140 
Hermetically 
Sealed 
Line Receiver, 
Low 
300k bit/s 
300% Min. 
05 mA 
1500 V dc 
5-103 
Package 
Containing 
Power Ground 


v" 
4 Low Input Current, 
Isolation 
for High 


High Gain Optocouplers 
Reliability 
Systems 


6N140/883B 
MIL-STD-883 
Military/High 
Class B Part 
Reliability 


6N140TXV 
TXV - 
Hi-Rei 
6N140/883B 
Screened 
Recommended 
for 


6N140TXVB 
TXVB - 
Hi-Rei 
New Designs 


Screened 
with 


Group B Data 


4N55 
Dual Channel 
Line Receiver, 
700k bills 
7% Min. 
16 mA 
1500 V dc 
5-107 • 


Hermetically 
Sealed 
Analog 
Signal 


Analog 
Optical 
Ground 
Isolation, 
Coupler 
Switching 
Power 


Supply 
Feedback 


Element 


4N55/883B 
MIL-STD-883 
Military 
/High 


Class B Part 
Reliability 


4N55TXV 
TXV - 
Hi-Rei 
Use 
Screened 
4N55/883B 
in 


4N55TXVB 
TXVB - 
Hi-Rei 
New Designs 


Screened 
with 
Group B Data 


NOTES: 


1. 
For further 
information, 
AN-939, 
AN-948, 
AN-951-1, 
and 
AN-951-2 
are available 
from 
HP free 
of charge 
or can 
be found 
starting 
on page 
9-1. 


2, 
The HCPL-2502 
Current 
Transfer 
Ratio 
Specification 
is guaranteed 
to be 15% minimum 
and 22% maximum. 
3. 
Recognized 
under 
the Component 
Recognition 
Program 
of Underwriters 
Laboratories 
Inc. (File 
NO. E55361). 
Dielectric 
withstand 
voltage 
is 


tested 
at 3000 V dc for a working 
voltage 
of 220 Vac. This 
is a proof 
test. 


rliOW 
HEWLETT 
~~ 
PACKARD 
HIGH SPEED 
OPTOCOUPLERS 


6N135 


6N136 


HCPl-2502 


1_:::~~~: 
_ 
0.181.001) 


,::;:;::,,''~:'.jj";; 
136 
f 290l 660( 
260 
miTto) 


UL 
6 
TYP 
RECOGNITION. 
J_ 
, 
•• 


PtN, 


ONE 


il 
- 
_178 
'07GlMAX 
_ 
__ 
1.19 t047! 
MAXm--l 


4101185) 
MAX 
, 


I 
I 
-:t -' 
ANODE 
2 
II 
I 
I 
0511.0:40) 


I 
...!- 
M1N 
CATHODE 
3 


r-- 
- 
'-2.92:1.115lMIN. 


0.16 (.Gaol 
-- 
-0,65 
(.025) MAX. 


1.40 (.055) ,_I-- ~ ~ 
2.80 (.110J 


DIMENSIONS 
IN MILLIMETRES 
AND t1NCHES). 


Features 


• 
HIGH 
SPEED: 
1 Mbit/s 


• 
TTL 
COMPATIBLE 


• 
HIGH 
COMMON 
MODE 
TRANSIENT 
IMMUNITY: 
1000V/~s 


• 
2 MHz BANDWIDTH 


• 
OPEN 
COLLECTOR 
OUTPUT 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 
3000 Vdc FOR A WORKING 
VOLTAGE 
OF 


220 Vac 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES, 
INC. (FILE 
NO. E55361) 


These 
diode-transistor 
optocouplers 
use an insulating 
layer 
between 
the 
light 
emitting 
diode 
and 
an integrated 
photon 
detector 
to 
provide 
electrical 
insulation 
between 
input 
and 
output. 
Separate 
connection 
for 
the 
photodiode 
bias 
and 
output 
transistor 
collector 
improve 
the speed 
up to a hundred 
times 
that 
of 
a 
conventional 
photo-transistor 
coupler 
by 


reducing 
the base-collector 
capacitance. 


The 6N135 
is suitable 
for use in TTL/CMOS, 
TTLILSTTL 
or 
wide 
bandwidth 
analog 
applications. 
Current 
transfer 
ratio 


(CTRI 
for the 6N135 
is 7% minimum 
at IF = 16 mA. 


The 6N136 
is suitable 
for high speed TTLITTL 
applications. 
A 
standard 
16 mA TTL 
sink 
current 
through 
the input 
LED will 
provide 
enough 
output 
current 
for 
1 TTL 
load 
and a 5.6 k!1 
pull-up 
resistor. 
CTR 
of the 6N136 
is 19% minimum 
at IF = 


16 mA. 


The 
HCPL-2502 
is suitable 
for 
use 
in applications 
where 
matched 
or known 
CTR 
is desired. 
CTR 
is 15 to 22% at IF = 


16 mA. 


2 
" 


ANODE~ 
¥ 


CATHDDE~~'-------------- 


3 


• 
Line 
Receivers 
- 
High common 
mode 
transient 
immunity 
(>1 OOOVl/-ls) and low input-output 
capacitance 
(0.6pF). 


• 
High 
Speed 
Logic 
Ground 
Isolation 
- 
TTL/TTL, 
TTL/ 


LTTL, 
TTL/CMOS, 
TTL/LSTTL. 


• 
Replace 
Slow 
Phototransistor 
Isolators 
- 
Pins 2-7 of 
the 


6N 135/6 
series conform 
to pins 1-6 of 6 pin phototransistor 
couplers. 
Pin 8 can be tied 
to any available 
bias voltage 
of 
1.5V to 15V for high speed operation. 


• 
Replace 
Pulse Transformers 
- 
Save board space and weight. 


• 
Analog 
Signal 
Ground 
Isolation 
- 
Integrated 
photon 
de- 
tector 
provides 
improved 
linearity 
over phototransistor 
type. 


Absolute Maximum Ratings' 


Storage Temperature 
-55°C 
to +125°C 
Operating 
Temperature 
-55°C 
to 100°C 


Lead Solder Temperature. 
. . . . . . . . . . . 
260°C 
for 
10s 


(1.6mm 
below 
seating plane) 


Average 
Input 
Current 
- 
IF 
_ 
25mA[1l 


Peak Input 
Cu rrent 
- 
IF 
50mA [2) 


(50% duty 
cycle, 
1 mS pulse width) 


Peak Transient 
Input 
Current 
- 
IF. 
. . . . . . . . . . . .. 
1.0A 


(';;l/-ls 
pulse width, 
300pps) 
Reverse Input 
Voltage 
- 
VR (Pin 3-2) 
. . . . . . . . . . . .. 
5V 
Input 
Power Dissipation 
. . . . . . . . . . . . . . . . .. 
45mW[3] 
Average Output 
Current 
- 
10 (Pin 6) 
8mA 


Peak Output 
Current 
16mA 


Emitter-Base 
Reverse Voltage 
(Pin 5-7). 
. . . . . . . . . . .. 
5V 


Supply 
and Output 
Voltage 
- 
Vcc 
(Pin 8-5), Vo 
(Pin 6-5) 


. 
_ . . .. 
-0.5V 
to 15V 
Base Current 
- 
Is (Pin 7) 
5mA 


Output 
Power Dissipation 
100mW[4) 


CA UTION: 
The small junction 
sizes inherent to the design of this 
bipolar 
component 
increases the component's 
susceptibility 
to 
damage 
from electrostatic 
discharge 
(ESD). It is advised that 
normal static precautions 
be taken in handling and assembly of 
this component to prevent damage and/or degradation which may 
be induced by ESD. 


See notes, following page. 


•JEDEC Registered 
Data. (The HCPL-2502 is not registered. 
J 


Electrical Specifications 
Over recommended 
temperature 
(TA = O°C to 70°C) unless otherwise 
specified. 


Param_ 
Sym. 
Device 
Min. 
Typ.- 
Max. 
Units 
Test Conditions 
Fill. 
Note 


6N135 
7 
18 
% 
IF= 16mA, Vo = 0.4V, VCC = 4.5V 
CTR* 
6N136 
19 
24 
% 
TA=25'C 
Current Transfer Ratio 
HCPL·2502 
15 
22 
% 
1,2 
5 


6N135 
5 
13 
% 
IF = 16mA, Vo = 0.5V, VCC = 4.5V 
CTR 
6Nl36 
15 
21 
% 


6N135 
0.1 
0.4 
V 
IF = 16mA, 10 = 1.1mA, VCC = 4.5V 
Logic Low 
VOL 
6N136 
0.1 
0.4 
V 
Output Voltage 
HCPL·2502 
IF = 16mA, 10 = 2.4mA, VCC = 4.5V 


3 
500 
nA 
IF = OmA, Vo - VCC = 5.5V, 
6 


10H* 
TA = 25"C 


Logic High 
IF - OmA, Vo - VCC = 15V 
Output Current 
0.01 
1 
I'A 
TA = 25·C 


10H 
50 
I'A 
IF = OmA, Vo = VCC = 15V 


Logic Low 
ICCL 
40 
J,l.A 
IF = 16mA, Vo = Open, VCC = 15V 
Supply Current 


ICCH- 
0.02 
1 
I'A 
IF = OmA, Vo = Open, VCC = 16V 


I 
Logic High 
TA = 25°C 


Supply Cunent 


, 


ICCH 
2 
J,l.A 
IF = OmA, Vo = Open, VCC = 16V 


Input Forward Voltage 
VF* 
I 
1.5 
1.7 
V 
IF = 161'(1A,TA = 25'C 
3 


Temperature Coefficient 
AVF 
~1.6 
mVfC 
IF = 16mA 
of Forward Voltage 
~ 


Input Reverse 
BVR- 
5 
V 
IR = 1OI'A, TA· 
25·C. 
Breakdo\Ml Voltage 


Input Capacitance 
CIN 
60 
pF 
fa 
1MHz, VF=O 


Input-Qutput 
Insuletion 
11-0- 
1.0 
I'A 
45% Relative Humidity, 
t a 55 
6,11 
Leakage Current 
VI-Q = 3000Vdc, 
T A a 25'C 


Resistance 
RI-o 
Ie 1012 
11 
VI-o 
= 500Vdc 
6 
(Input-QutpUtl 


Capacitance 
CI-o 
0.6 
pF 
fa 
lMHz 
6 
(Input-Qutputl 


T rensistor DC 
hFE 
150 
- 
VO=6V,loa3mA 
Current Gain 
• 


Switching specifications at TA=25°C 
Vcc = 5V,IF 
= l6mA, 
unless otherwise 
specified. 


Paramllter 
Sym. 
Device 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Nota 


Propagation Oelav 
6N135 
0.5 
1.5 
J,l.S 
R 
a4.1kl1 
Time To logic 
Low 
tPHL * 6N136 
0.2 
0.8 
RL = 1.9kn 
5,9 
8,9 
at Output 
HCPL·2502 
J,l.s 


Propagation Delay 
6N135 
0.4 
1.5 
J,l.S 
RL = 4.1kl1 
Time To Logic High 
tpLH- 
6Nl36 
0.3 
0.8 
I'S 
RL = 1.9k.fl 
5,9 
8,9 
at Output 
HCPL·2502 


Common Mode iran. 
6N135 
1000 
V/J,l.S 
IF =OmA, VCM a 10Vp.p, RL· 
4.1k.fl 


slent Immunity 
at Logic 
CMH 
6N136 
1000 
VII'S 
IF = OmA, VCM ·10Vp•p, 
RL = 1.9k.fl 
10 
7,8,9 
High Level>Output 
HCPL·2502 


Common Mode Tran· 
6N135 
-1000 
V/J,I.S 
VCM = 10Vp-p, RL· 
4.1k.fl 
slent Immunity 
at Logic 
CML 
6N136 
-1000 
V/J,l.s 
VCM = 10V pop, R L = 1.9kl1 
10 
7,8,9 
Low Level Output 
HcPL·2502 


Bandwidth 
BW 
2 
MHz 
RL = 100.fl 
8 
10 


NOTES: 


1. 
Derate linearly 
above 700e 
free-air 
temperature 
at a rate of O.8mAfC. 


2. Derate linearly above 700e free-air temperature at a rate of 1.6mAtC. 
3. Derate linearly above 700e free-air temperature at a rate of o.9mWfc. 
4. Derate linearly above 70°C free·air temperature at a rate of 2.0mWfC. 
5. CURRENT TRANSFER RATIO is defined as the ratio of output collector 
current, 10, to the forward LED input current, IF, times 100%. 


6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 shorted together. 


7. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) dVCM/dt on the leading edge of the common mode 


pulse VCM, to assure that the outPut will remain in a Logic High state 
(i.e., Vo > 2.0Vl. Common mode transient immunity in Logic Low 
level is the maximum tolerable (negativel dVCM/dt on the trailing 
edge of the common mode pulse signal, VCM, to assure that the output 
will remain in a Logic Low state (i.e., Vo < O.8Vl. 


8. The 1.9kn load represents 1 TTL unit load of 1.6mA and the 5.6kn pull-up resistor. 
9. The 4.1 kn load represents 1 LSTIL unit load of O.36mA and 6.1 kn pull-up resistor. 
10. The frequency at which the ac output voltage is 3dB below the low frequency asymptote. 
11. This is a proof tesllo vahdate the UL220Vac rating. 
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• 
DATA 
RATES TO 250K b/s NRZ 


• 
LSTTL 
COMPATIBLE 


• 
HIGH 
COMMON 
MODE 
TRANSIENT 
IMMUNITY: 


>1000VlJ.ls 


• 
OPEN 
COLLECTOR 
OUTPUT 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 
3000 Vdc FOR A WORKING 
VOLTAGE 
OF 
220 Vac 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES,INC. 
(FILE NO. E55361) 
Description 


The HCPL-2503 
optocoupler 
is specified 
for use in LSTTL 
to 
LSTTL 
and TTL to LSTTL 
logic 
interfaces. 
A nominal 
8 mA 
sink current 
through 
the input 
LED will provide 
enough 
out- 
put 
current 
for 
proper 
operation 
of 
1 LSTTL 
gate 
under 
worst-case 
conditions 
when 
used in the recommended 
cir- 
cuits. 
The CTR of the HCPL-2503 
is 15% minimum 
at IF = 8 
mA. 


The HCPL-2503 
contains 
a light emitting 
diode 
and an inte- 
grated 
photon 
detector 
with 
an insulation 
barrier 
between 
input 
and output. 
Separate 
connection 
for the photo-diode 
bias 
and 
output 
transistor 
collector 
reduce 
the 
base- 


collector 
capacitance. 
giving 
improved 
speed 
compared 
with 
conventional 
phototransistor 
couplers. 


LOGIC INTERFACE 
OPTOCOUPLER 


0.18 {.oon 
o:33fOi'3)..1. 


"T 


, 
+ 
-1- 


TYPE NUMBER 
DATECODE 
6.101.2401 
1.36 (2901 6:60 {,260 
mC'3wI 
UL 
2 
3 
4 
RECDGNnlON t~ 
_ 


ONE 
I 
I 
1 
I: 
__1.16(.010lMAX. 


__ 
1.......- 
1 19 {,047} 
MAX. 


~ 


I 
I410 1 1851 MAX 


I 
-----, 
ANOOE 
2 


! 
I 
I 
11-05110201 


I 
I 
--L 
MIN 
CATHODE 
3 


r"'1 
1- 
I 
j 
L 2.92 {.ll51 MIN 
0.161.0301 ,-Ii-0.65 
(.D251 MAX. 
NC 4 
i':4O iFs5i 
1---1----- 228 U!!!!!! 
2.801.1101 


Applications 


• 
HIGH 
SPEED 
LOGIC 
GROUND 
ISOLATION 
- 
LSTTL-TO-LSTTL 
AND TTL-TO-LSTTL 


Storage 
Temperature 
-55°C 
to +125°C 
Operating 
Temperature 
-55°C 
to +100°C 


Lead Solder 
Temperature 
260°C 
for 10s 


(1.6mm 
below 
seating 
plane) 


Average 
Input 
Current 
-IF 
25mAl11 


Peak Input 
Current 
- 
IF 
50mAI>1 
(50% duty cycle. 
1 ms pulse width) 


Peak Transient 
Input 
Current 
-IF 
1.0 A 


(:O;l1'S pulse width, 
300pps) 


Reverse 
Input 
Voltage 
- 
VR (Pin 3-2) 
5V 


Input 
Power 
Dissipation 
45mWl31 


Average 
Output 
Current 
- 
10 (Pin 6) 
8mA 


Peak Output 
Current 
- 
10 
16mA 


Emitter-Base 
Reverse Voltage 
(Pin 5-7) 
5V 


Supply 
and Output 
Voltage 
- 
Vcc 
(Pin 8-5), 


Vo (Pin 6-5) 
-0.5V to 7V 


Base Current 
-Is 
(Pin 7) 
5mA 


Output 
Power 
Dissipation 
100mWI4 


(See notes. following 
page,) 


CAUTION: The small junction 
sizes inherent to the design of this 


bipolar 
component 
increases the component's 
susceptibility 
to 


damage from electrostatic discharge (ESD). It is advised that normal 
static precautions be taken in handling and assembly of this compo- 
nent to prevent damage and/or degradation which may be induced 
by ESD. 


Pannneter 
Symbol 
Min. 
Typ.' 
Ma •. 
Units 
Test Conditions 
Fig. 
Note 


15 
22 
% 
IF - SmA. Vo - 0.5V. Vee - 4.5V 
TA = 25°C 
Current 
Transfer 
Ratio 
CTR 
1 
5 
11 
15 
% 
IF = SmA. Vo = 0.5V. Vee - 4.5V 


Logic 
Low 
VOL 
0.2 
05 
V 
IF - 8mA. 
10 = 0.7mA. 


Output 
Voltage 
Vee = 4.5V 


Logic 
Low 
leeL 
20 
IlA 
IF - 8mA 
Supply 
Current 
Vo = Open. 
Vee = 5.5V 


Input 
Forward 
Voltage 
VF 
1.5 
1.7 
V 
IF - 8m A, TA - 25°C 
2 


Temperature 
Coefficient 
~VF 
-1.6 
mVrC 
IF=8mA 
of Forward 
Voltage 
.lTA 


Parameter 
Symbol 
Min. 
Typ. 
Ma •• 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay 
4.6 
8 
Time to logic 
low 
tPHL 
1.0 
1.5 
IlS 
at Output 


Propagation 
Delay 
Time to logic 
High 
tPLH 
15 
2.5 
IlS 
4.6 
8 
at Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at Logic 
CMH 
1000 
VlIlS 
IF = OmA, VCM = 10Vp-p 
7 
7.8 
High level 
Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at Logic 
CML 
-1000 
Vips 
VCM = 10Vp-p 
7 
7.8 
low 
level 
Output 
• 


Parameter 
Symbol 
Min. 
Typ.' 
Ma •. 
Units 
Test Conditions 
Fig. 
Note 


12 
18 
0/0 
IF = 16mA. Vo = 0.5V. 
Vcc = 4.5V. TA = 25°C 
Current 
Transfer 
Ratio 
CTR 
IF = 16mA. Vo = 0.5V, 
1 
5 
9 
13 
% 
Vce =4.5V 


Logic 
Low 
VOL 
0.2 
0.5 
V 
IF = 16mA. 
10 = 1.lmA, 


Output 
Voltage 
VCC= 4.5V 


Logic 
low 
lecL 
40 
IlA 
IF - 16mA 
Supply 
Current 
Vo = Open. 
Vce = 5.5V 


Input 
Forward 
Voltage 
VF 
15 
1.7 
V 
IF - 
16mA. TA - 25°C 
2 


Temperature 
Coefficient 
~VF 
-1.6 
mV/oC 
IF = 16mA 
of Forward 
Voltage 
.lTA 


Parameter 
Symbol 
Min. 
Typ. 
Ma •. 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay 
Time to logic 
low 
tPHL 
04 
15 
IlS 
4,6 
9 
at Output 


Propagation 
Delay 
Time to logic 
High 
tPLH 
15 
2.5 
IlS 
4.6 
9 
at Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at Logic 
CMH 
1000 
V/lls 
IF = OmA. VCM = 10Vp_p 
7 
7.9 
High 
level 
Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at logic 
CML 
-1000 
Vips 
VCM = 10Vp-p 
7 
7.9 
Low level 
Output 


Electrical Specifications 


Over 
recommended 
temperature 
(TA = O°C to 70°C) 
unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ.· 
Max. 
Units 
Test Conditions 
Fig. 
Note 


0.5 
nA 
TA - 25°C, 
IF - 0 mA 
5, 


Logic 
High 
loti 


Vo = Vcc = 5.5V 


Output 
Current 
50 
}lA 
IF=OmA 
Vo = Vcc = 5.5V 


Logic 
High 
ICCH 
0.05 
4 
}lA 
IF =OmA 
Supply 
Current 
Vo = Open, Vcc = 5.5V 


Input 
Reverse 
VR 
5 
V 
IF = 10 }lA, TA = 25°C 
Breakdown 
Voltage 


Input 
Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF = OV 


Input-Output 
45% Relative 
Humidity, 
t = 55 
6, 10 
Insulation 
Leakage 
h-o 
1.0 
}lA 
VI-O = 3000V dc, TA = 25°C 
Current 


Resistance 
RI-o 
10'2 
!l 
VI-O = 500V dc 
6 
(Input-Output 
I 


Capacitance 
CI-O 
0.6 
pF 
f= 
1 MHz 
6 
(Input-OutpUtl 


Notes: 
0 


1. 
Derate linearly 
above 70° C free-air 
temperature 
at a rate of O.8mAlo C. 
;: ,.. 
'" 
2. 
Derate linearly 
above lOoe free-air 
temperature 
at a rate of 1.6mArC. 
a: 


3. 
Derate linearly 
above lOoe 
free-air 
temperature 
at a rate of O.9mW/oC. 


* 


1.2 
/" 
4. 
Derate linearly 
above lOoe 
free-air 
temperature 
at a rate o12.0mW/oC. 
-..• 
z 
.1 
- 


5. 
CURRENTTRANSFERRATIO is defined as the ratio of output collector 
'" 
1.0 
a: 
/1 - 
-..• 
current, 
110, to the forward 
LED input current, 
IF, times 100%. 
•... 
--... -- 
6. 
Device considered 
a two-terminal 
device: Pins 1, 2, 3, and 4 shorted 


•... 
- 
:'i 
0.8 


together 
and Pins 5, 6, 7, and a shorted 
together. 
a: 
'I 


VO-O.SV 
-- 
7. 
Common 
mode 
transient 
immunity 
in Logic 
High level is the maximum 
a: 
vcc • 5.0V 
::> 


tolerable 
(positive) 
dVCM/dt 
on the leading 
edge of the common 
mode 
u 
0.6 


~~~~~~ZEO 
Tb 
pulse VCM, to assure that the output 
will remain in a Logic High state (i.e., 
Ii! 
Vo > 2.0V). Common 
mode transient 
immunity 
in Logic 
Low level is the 
N 
0.4- 
-IF-SmA 
:; 
maximum 
tolerable 
(negative) 
dVCM/dton 
the trailing 
edge of the common 
'" 
--It .,6"t 
:l; 


mode pulse signal, VCM,to assure that the output will remain in a Logic Low 
a: 
0.2 
0 
state (i.e., Vo < o.av). 
z 


6. 
The 7.5kload represents1 LSTTLuntil load of O.36mAanda 20kn pull-up 
0 
, 


resistor. 
0 
2 • 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
9. 
The4.7k 
load represents 
1 LSTTL unit toad of 0.36mA and an a.2k!1 pull-up 
IF- INPUT CURRENT 
- 
mA 
resistor. 


10. This is a proof 
test to validate 
the UL 220 Vac rating. 


Figure 1. Current 
Transfer 
Ratio VS.Input Current 
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Figure 3. Current 
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Ratio vs. Tempera,ure 
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The HCPL-2503 optocoupler 
is specified for use in LSTTL- 
to-LSTTL and TTL-to-LSTTL 
interfaces. The recommended 
circuits show the interface design and give suggested com- 
ponent values. The input current IFis 'liven as both a nominal 
value and a range. The range in IFresults from the tolerances 
in Vcc and the input resistor RIN.The CTR of the optocoupler 


7404 
74LS04 
7405 
74lS05 


is given as the minimum initial value over temperature, taken 
directly from the Electrical Specifications. The value given for 
loL(min) is based on the minimum CTR and the minimum IF 
using worst 
case values for 
RL and Vcc. 
The resulting 
IOL(min) has ample design margin, allowing more than 20% 
for CTR degradation even under these worst case conditions. 
For additional information on CTR degradation see Applica- 
tion Note 1002. 


LSTTLto 
TTL to 
Parameter 
Symbol 
LSTTL 
LSTTL 
Units 
Comments 
Fig. 
Note 


INPUT 


Logic Low Output 
VOLIA 
0.5 
04 
V 
Maximum 
Voltage - 
Input Gate 


Supply Voltage - 
Input 
VCCl 
5.0 
5.0 
V 
±5% 


360 
180 
~ 
Input Resistor 
RIN 
!l 
±5% 
430 
200 
8b 


Input Current 
IF 
8 
16 
mA 
Nominal 


14.0-20 
8a 
Input Current Range 
IF 
675-10 
mA 
- 
145-20 
8b 


OUTPUT 


Logic Low Output 
VOL 81 
0.5 
0.5 
V 
Maximum 
Voltage - 
HCPL-2503 


Supply Voltage - 
Output 
VCC2 
5.0 
5.0 
V 
±5% 


PUll-Up Resistor 
RL 
20 
82 
kfl 
±5% 
11 


ReqUIred Current Sink 
IOL 
061 
10 
mA 
Worst Case Vcc. RL, ilL 8 
12 
for Logic Low 
(max' 


HCPL-2503 Current 
CTR 
11 
9 
% 
Minimum TA= 0° C to +700 C 
Transfer Ratio 


Logic Low Output 
IOL 
074 
1.26 
mA 
Worst Case Vcc, CTR, IF 
~ 
Current - 
HCPL-2503 
Imin 
130 
TA = O°C to +70°C 
8b 
13 


Data Rate 
fo 
250 
250 
Kb/s 
NRZ, TA= 25°C 
14 


Notes: 
10. The inverting 
circuit 
has higher 
power 
consumption 
and must use open 
collector 
gates on the input. 


11. The load resistor 
RL must be large enough 
to guarantee 
logic 
LOW and 


small enough 
to guarantee 
logic 
HIGH 
under worst case conditions: 


12. The maximum 
current 
sink required 
for logic 
LOW is: 


IOLlmax) 
= hl(Bj(rnax) + IA(m8X 
where 
lR is the current 
through 
RL. 


13. The ratio of loUmin) 
to loLtmax) 
gives thedesign 
margin for eTA degrada- 
tion. See Application 
Note 1002. 


14. The maximum data rate is defined as 
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~iCOGNITION 
• 
i 
5 
TYP 
t 
PIN 
1 
OOE 
j 


II 


_I 
_1.18 
{.010.MAX 


..,.,..... 
......,.... 1.19-(,041lMAX. 


~ 


j4101:.5JMAX 


I I 
I 
I 
'ANODE 
2 
+ • 
0'" 
(020) 


I 
,MIN 
CATHODE 
3 
L 
292 
115IMIN 
0.16 (.OJ(ll -I -065 
(.025) MAX. 
. 
NC 
4 
f40 f]551 
_L ~ L2!Q.I 
2.80t.1101 


DIMENSIONS 
IN MllltMETRES 
AND (INCHES)' 


Storage Temperature 
-55° C to +125°C 
Operating Temperature 
-55°C to 100°C 
Lead Solder Temperature 
260°C for 10s 


(1.6mm below seating plane) 


Average Input Current - 
IF 
25mAl11 


Peak Input Current - 
IF 
50mAI21 


(50% duty cycle, 1 ms pulse width) 


Peak Transient Input Current - 
IF 
1.0A 


(:S1IlSpulse width, 300pps) 


HIGH SPEED 
OPTOCOUPLER 


2 
I, 


ANODE 
~ 
•f 


v, 


CATHODE 
- 
3 


Reverse Input Voltage - 
VR (Pin 3-2) 
3V 
Input Power Dissipation 
45mWl31 


Average Output Current - 
10 (pin 6) 
8mA 
Peak Output Current 
16mA 
Emitter-Base Reverse Voltage (pin 5-7) 
5V 
Supply and Output Voltage - 
Vee (pin 8-5), 


Va (Pin 6-51 
-0.5V to 15V 
Base Current - 
Is (pin 7) 
SmA 
Output Power Dissipation 
100mWI41 


Parameter 
Symbol 
Min. 
Max. 
Units 
Test Condillons 
Note 


Current Transfer Ratio 
CTR 
15 
40 
% 
IF = 16mA. Va = Oo4V,Vee = 4.5V 


CTR 
5 
8 
% 
IF = 2mA, Va = 5.0V, Vee = 4.5V 
Logic Low 
VOL 
004 
V 
IF = 16mA. 10 = 204mA,Vee = 4.5V 
Output Voltage 


Logic High 
10H 
50 
nA 
IF= OmA,Va = Vee = 10V 
Output Current 
10H 
25 
!J.A 
IF= OmA,Va = Vee = 10V,TA= 70°C 
Input Forward Voltage 
VF 
1.8 
V 
IF= 20mA 


Input ReverseCurrent 
IR 
50 
IlA 
VR= 3V 


Input-Output 
Insulation 
It-a 
10 
IlA 
45% Relative Humidity, t = 5s 
6 
Leakage Current 
VI-O = 1500Vdc 
Resistance 
Rt-o 
109 
n 
Vt-O = 10QVdc 
6 
tlnput-Outputl 


Transistor DC 
hFE 
100 
400 
Va = 5V, 10= 3mA 
Current Gain 
- 


Capacitance 
Ct-O 
1.3 
pF 
f = 1 MHz 
6 


• 


Parameter 
Symbol 
Min. 
Max. 
Units 
Te$t Conditions 
Note 


Propagation 
Delay 


Time to Logic Low at 
tpHL 
0.8 
f./.S 
RL = 1.9kn 
7 


Output 
(Fig. 1) 


Propagation 
Delay 


i 
RL = 1.9kn 
Time to Logic High at 
tpLH 
0.8 
f./.S 
7 


Output 
(Fig. 1) 


Breakdown 
Voltage 
V(BR) CEO 
22 
V 
Ic = 10mA 
8 
Collector/Emitter 


Breakdown 
Voltage 
V(BR) CBO 
40 
V 
Ic = 10f./.A 
Collector/Base 


Breakdown 
Voltage 
V(BR)EBO 
3 
V 
Ie = 10f./.A 
Emitter/Base 


Collector/Base 


'CBO 
50 
nA 
VCB = 22V 
Current 


Notes: 
1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/ °C. 
2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/ °C. 
3. Derate linearly above 70° C free-air temperature at a rate of 0.9mW/o C. 
4. Derate linearly above 70° C free-air temperature at a rate of 2.0mW/o C. 
5. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 10. to the forward lED input current, IF, times 100%. 
6. Device considered a two-terminal 
device: Pins 1. 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 


7. The 1.9 Kf1load represents 1 TTl 
unit load of 1.6 mA and the 5.6 Kll pull-up resistor. 


8. Duty Cycle S 2%, Pulse Width S 300 /'s. 
9. This is a proof test to validate the Ul 220 Vac rating. 
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o 
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I 
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PULSE 


GEN. 


ZO'" SOU 
tr'" 5n$ 
vo 


(SATURATED 
RESPONSE) 


CA UTfON: 
The small 
junction 
sizes 
inherent 
to the design 
of this 
bipolar 
component 
increases 
the component's 
susceptibility 
to 
damage 
from 
electrostatic 
discharge 
(ESD). 
It is advised 
that 
normal 
static 
precautions 
be taken 
in handling 
and assembly 
of 
this component 
to prevent 
damage 
and/or 
degradatIOn 
which 
may 
be Induced 
by ESD. 
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DIMENSIONS 
IN MilLIMETERS 
ANO (INCHES) 


• 
HIGH 
SPEED: 
1 Mbit/s 


• TTL COMPATIBLE 
• 
HIGH 
COMMON 
MODE TRANSIENT 
IMMUNITY: 


>1000V/J,ls 


• 
HIGH 
DENSITY 
PACKAGING 


• 
DIELECTRIC 
WITHSTAND 
TESTED AT 


3000 Vdc FOR A WORKING 
VOLTAGE 
OF 


220 Vac 


• 3 MHz BANDWIDTH 
• 
OPEN COLLECTOR 
OUTPUTS 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 


PROGRAM 
OF UNDERWRITERS 


LABORATORIES, 
INC. (FILE NO. E55361) 


Description 


The 
HCPL-2530/31 
dual 
couplers 
contain 
a pair of light 
emitting 
diodes 
and integrated 
photon 
detectors 
with elec- 


trical 
insulation 
between 
input 
and 
output. 
Separate 
connection 
for the photodiode 
bias and output 
transistor 
collectors 
improve 
the speed up to a hundred 
times that of 
a conventional 
phototransistor 
coupler 
by 
reducing 
the 


base-collector 
capacitance. 


The 
HCPL-2530 
is suitable 
for 
use in TTUCMOS, 
TTU 
LSTTL 
or 
wide 
bandwidth 
analog 
applications. 
Current 
transfer ratio (CTRJ for the -2530 is 7% minimum 
at IF = 16 mA. 


The HCPL-2531 
is suitable 
for high speed TTUTTL 
appli- 


cations. 
A standard 
16 mA TTL 
sink 
current 
through 
the 


input 
LED 
will 
provide 
enough 
output 
current 
for 
1 TTL 


load and a 5.6 k!1 pull-up 
resistor. 
CTR of the -2531 is 19% 
minimum 
at IF = 16 mA. 


DUAL HIGH SPEED 
OPTOCOUPLER 


HCPL-2530 


HCPl-2531 


TECHNICAL 
DATA 
JANUARY 1984 


SCHEMATIC 


Ice 
_ 
B 


Vee 


~7 
v" 
• 
• 
Line 
Receivers 
- 
High common 
mode transient 
immunity 


(>1000V 
Ips) 
and low 
input-output 
capacitance 
(O.6pF). 


• 
High 
Speed 
Logic 
Ground 
Isolation 
- 
TTL!TTL, 
TTL! 


LTTL, 
TTLICMOS, 
TTLILSTTL. 


• 
Replace Pulse Transformers 
- 
Save board space and weight. 


• 
Analog 
Signal 
Ground 
Isolation 
- 
Integrated 
photon 
de- 


tector provides improved 
linearity 
over phototransistor 
type. 


• 
Polarity 
Sensing. 


• 
Isolated 
Analog 
Amplifier 
- 
Dual 
channel 
packaging 
en- 


hances thermal 
tracking. 


Storage Temperature 
_55°C to +125°C 


Operating 
Temperature 
-55°C 
to +100°C 


Lead Solder 
Temperature 
260°C 
for 
10s 


(1.6mm 
below 
seating plane) 


Average Input 
Current 
- 
IF (each channel) 
. . . . .. 
25mA[1) 


Peak Input 
Current 
- 
IF 
(each channel) 
50mA[2) 


(50% duty 
cycle, 
1 ms pulse width) 


Peak Transient 
Input 
Current 
- 
IF (each channel) 
.... 
1.0A 


(';;;lps 
pulse width, 
300pps) 


Reverse Input 
Voltage 
- 
VR (each channel) 
5V 


Input 
Power Dissipation 
(each channel) 
45mW(3) 


Average Output 
Current 
- 
10 (each channel) 
8mA 


Peak Output 
Current 
- 
10 (each channell. 
16mA 


Supply 
and Output 
Voltage 
- 
Vcc 
(pin 8-5), Vo 
(Pin 7,6-5) 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5V 
to 15V 


Output 
Power Dissipation 
(each channel) 
. . . . .. 
35mW(4) 


Electrical Specifications 


Over recommended 
temperature 
(TA ; O°C to lO°C) unless otherwise 
specified 


Parameter 
Sym. 
Device 
Min. 
Typ... 
Max. 
Units 
Test Conditions 
Fig. 
Note 
HCPL- 


2530 
7 
18 
% 
IF = 16mA, Vo = 0.5V, VCC; 
4.5V 


2531 
19 
24 
% 
TA = 25°C 
1,2 
5,6 
Current Transfer Ratio 
CTR 
2530 
5 
13 
% 


2531 
15 
21 
% 
IF = 16mA, Vo = 0.5V, VCC = 4.5V 


2530 
0.1 
0.5 
V 
IF - 16mA, 10 = l.lmA, 
VCC = 4.5V, 


Logic Low 
VOL 
TA=25°C 
5 
Output Voltage 
2531 
0.1 
0.5 
V 
IF = 16mA, 10 = 2.4inA, VCC = 4.5V, 
TA = 25°C 


3 
500 
nA 
TA=26°C,IF1-IF2=0, 
6 
5 
Logic High 
10H 
VOl ;V02=VCC=6.5V 
OutpUt Current 
IFl - IF2 = 0, 
50 
iJA 
VOl = V02 = VCC = 15V 
5 


Logic Low 


ICCL 
80 
iJA 
IFl - IF2 = 16mA 
Supply Current 
VOl = V02 = Open. VCC = 15V 


Logic High 
ICCH 
0.05 
4 
jlA 
IFl - IF2 - OmA 
Supply Current 
VOl = V02 = Open, VCC = 15V 


Input Forward Voltage 
VF 
1.5 
1.7 
V 
IF - 16mA. TA = 25°C 
3 I 
5 


Temperature Coefficient 
AVF 
-1.6 
mV('C 
IF = 16mA 
5 
of Forward Voltage 
'A"fA 


Input Reverse 
5 
V 
IF = 10jlA, TA = 25°C 
5 
Breakdown Voltage 
VR 


Input Capacitance 
CIN 
60 
pF 
f= lMHz, VF =0 
6 


Input - Output 
45% Relative Humidity, t = 5 s 
Insulation Leakage 
11-0 
1.0 
jlA 
VI-o 
= 30ooVdc, TA = 25°C 
7.13 


Current 


Resistance 
RI-o 
1012 
n 
VI-o 
= 500Vdc 
7 
(Input-Output) 


Capacitance 
CI_O 
0.6 
pF 
f = lMHz 
7 
(Input-Output) 


Input-Input 
Insulation 
11-1 
0.005 
jlA 
45% Relative Humidity. t = 5 s 
8 
LeakageCurrent 
VI_I = 600Vdc 


Resistance(Input-Input) 
Rl_1 
1011 
n 
VI_I = 500Vdc 
8 


Capacitance 
CI_I 
0.25 
pF 
f = lMHz 
8 
(Input-lnputl 


•• All typicals at 25"c. 


Switching Specifications at TA= 25°C Vcc 
; 5V, 
IF; 
16mA, 
unless otherwise 
specified 


Parameter 
Sym. 
Device 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 
HCPL· 


Propagation Delay 
2530 
0.3 
1.5 
jlS 
RL = 4.1 k.l1 


Time To Logic Low 
tpHL 
5,9 
10,11 


at Output 
2531 
0.2 
0.8 
iJS 
RL = 1.9k.l1 


Propagation Delay 
2530 
0.4 
1.5 
iJS 
4.1 kn 


Time to Logic High 
tPLH 
5,9 
10,11 


at Output 
2531 
0.3 
0.8 
iJS 
RL = 1.9kU 


Common Mode Tran- 
2530 
1000 
V/jlS 
IF =OmA,RL =4.1 kn.vCM=l 


sient Immunity at Logic 
CMH 
0 
9.10,11 


High Level Output 
2531 
1000 
V/iJS 
IF=OmA,RL =1.9k.l1,VCM=l OVp 


Common ModeTran- 
2530 
-1000 
V/iJS 
VCM=10Vp-p, RL = 4.1kn 


sient Immunity at Logic 
CML 
10 
9,10,11 


Low Level Output 
2531 
-1000 
V/iJS 
VCM = 10Vp-p, RL; 
1.9kn 


Bandwidth 
BW 
3 
MHz 
RL = 100.11 
8 
12 


NOTES: 


,. 
Derate linearly above 70 


0e 
free-air temperature 
at a rate of a.8mArC. 
2. Derate linearly above 70 


0e 
free-air temperature 
at a rate of 1.6mAte. 


3. 
Derate 
linearly 
above ute 
free-air 
temperature 
8t 
• rate 
of o.9mWfc. 


4. 
Derate 
linearly 
above 
70 


0e 
free-air 
temperature 
at a rate 
of l.Qmwfc. 
5. 
Each 
channel. 


6. 
CURRENT 
TRANSFER 
RATIO 
is defined 
as the 
ratio 
of 
output 
collector 
current, 
10, 
10 the 
forward 
LED 
input 
current, 
IF, 
tim&1 
100%. 


7. 
Device 
considered 
a two·terminal 
device: 
Pins 
1, 2, 3, and 
4 shorted 


together 
and 
Pins 
5,6,7, 
and 
a shorted 
together. 


a. 
Measured 
bet_en 
pins 
1 and 
2 shorted 
together, 
and 
pins 
3 and 
4 
shorted 
together. 


9. 
Common 
mode 
transient 
immunity 
in 
Logic 
High 
level 
is the 
meximum 


tolerable 
(positivel 
dVCM/dt 
On the 
leading 
edge 
of 
the 
common 
mode 


pulse 
VCM, 
to 
assure 
that 
the 
output 
will 
remain 
in a Logic 
Hi!tl 
state 


(i.e., 
Vo > ~.OVI. 
Common 
mode 
transient 
immunity 
in 
Logic 
Low 


level 
is the 
maximum 
tolerable 
(negative 
I dVCM/dt 
on 
the 
trailing 


edge of 
the 
common 
mode 
pulse 
signal, 
VCM, 
to 
<,ssure that 
the 
output 
will 
remain 
in a Logic 
Low 
state 
(i.e., 
Vo < o.avl. 


10. 
The 
1.9kn 
load 
represents 
1 TTL 
unit 
load 
of 
1.6mA 
and 
the 
5.6kH 


pull-yp 
resistor. 


11. 
The 
4.1kn 
load 
represents 
1 LSTTL 
unit 


load 
of 
0.36mA 
and 
6.1kn 
pull-yp 
reSIStor. 


12. 
The 
frequency 
at which 
the 
ac OUtput 


voltage 
is 3dB 
below 
the 
low 


frequency 
asymptote. 


13. 
ThiS 
IS a prool 
lesl 
to validate 
the 
UL 220 Vae 
rating 


TA, • 25 C 
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Figure 7. 
Small-Signal 
Current 
Transfer 
Ratio 
V5. 
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I nput Current. 
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DUAL LOGIC INTERFACE 
OPTOCOUPLER 


r-- 
9.40L:!ZQ) _\ 
OUTLINE 
DRAWING 
I [l, 
9.90 1.3901 


,8 
7 
6 
5 
TYPE NUMBER 
f 
t 


DATECODE 
6.10~ 
Zd§ 1.29016.60 1.2601 
7.88(.3101 
I 


Ul RECOGNITION 
_t_ 


PIN' 
ONE 
-I 


• 
DATA 
RATES TO 250k b/s NRZ 


• 
LSTTL 
COMPATIBLE 


• 
HIGH COMMON 
MODE TRANSIENT 
IMMUNITY: 


>1000V/f.'S 


• 
HIGH DENSITY 
PACKAGING 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 Vdc 
FOR A WORKING 
VOLTAGE 
OF220 
Vac 
• 
OPEN COLLECTOR 
OUTPUTS 


• 
RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 


LABORATORIES, 
INC. (FILE NO. E55361) 


The HCPL-2533 
is a dual channel 
optocoupler 
which 
is speci- 
fied 
for 
use in LSTTL 
to LSTTL 
and 
TTL 
to LSTTL 
logic 
interfaces. 
A nominal 
8 mA LSTTL 
sink current 
through 
the 


input 
LED 
will 
provide 
enough 
output 
current 
for 
proper 
operation 
of 1 LSTTL gate under worst-case 
conditions 
when 
used in the recommended 
circuits. 
The CTR of the HCPL- 
2533 is 15% minimum 
at IF = 8 mA. 


The 
HCPL-2533 
contains 
a pair 
of light 
emitting 
diodes 
and 
integrated 
photon 
detectors 
with 
an insulating 
barrier 
between 
input 
and 
output. 
Separate 
connection 
for 
the 
photodiode 
bias and output 
transistor 
collector 
reduce 
the 
base-collector 
capacitance, 
giving 
improved 
speed 
com- 
pared with conventional 
phototransistor 
couplers. 
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0.331.0131 
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t 
ANODEl 
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,-I j4-0.65 
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I_~ 
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Applications 


• 
HIGH SPEED LOGIC 
GROUND 
ISOLATION- 
LSTTL-TO-LSTTL 
AND TTL-TO-LSTTL 


Storage 
Temperature 
-55°C 
to +125°C 
Operating 
Temperature 
-55°C 
to +100°C 


Lead Solder 
Temperature 
260°C 
for 10s 


(1.6mm 
below 
seating 
plane) 


Average 
Input Current 
- 
IF (each channel) 
25mAI1 


Peak Input 
Current 
- 
IF (each channell 
50mA 
2 


(50% duty cycle, 
1 ms pulse width) 


Peak Transient 
Input 
Current 
- 


IF (each channel) 
1.0 A 


(~1I's 
pulse width, 
300pps) 


Reverse Input Voltage 
- 
VR (each channel) 
5V 


Input 
Power 
Dissipation 
(each channel) 
45mWl3 


Average 
Output 
Current- 
10 (each channel) 
8mA 
Peak Output 
Current 
- 
10 (each channel) 
16mA 
Supply 
and Output 
Voltage 
- 
Vcc 
(Pin 8-5l, 


Vo (Pin 7,6-5) 
-0.5V to 7V 


Output 
Power 
Dissipation 
(each channel) 
35mWI41 


(See notes. following 
page.I 


Electrical Specifications, lSTTl/lSTTl 


Over 
recommended 
temperature 
(TA = 00 C to 700 C) unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ." 
Max. 
Units 
Test Conditions 
Fig. 
Note 


15 
22 
% 
iF = 8mA, Vo = 0.5V, Vcc -= 4.5V 
TA=25°C 
Current 
Transfer 
Ratio 
CTR 
IF = 8mA, Vo - 0.5V. Vcc - 4.5V 
1 
5,6 
11 
15 
% 


~~9iC Low 
VOL 
0.2 
05 
V 
IF - 8mA, 
10 - 0.7mA. 
5 
utput 
Voltage 
Vcc =4.5V 


Logic 
Low 
ICCL 
40 
IlA 
IFl - IF2 - 8mA 
Supply 
Current 
VOl = V02 = Open, VCC = 5.5V 


Input 
Forward 
Voltage 
VF 
1.5 
1.7 
V 
IF - 8m A, TA - 25°C 
2 
5 


Temperature 
Coefficient 
JoVF 
-1.6 
mVfOC 
IF-=8mA 
5 
of Forward 
Voltage 
JoTA 


Switching Specifications at TA = 250 C 


Vcc 
= 5V, IF = 8mA, 
RL = 7.5kO 
unless 
otherwise 
specified. 


Parameter 
Symbol 
Mln_ 
Typ. 
Max. 
Units 
Test Conditions 
FIg. 
Note 


Propagation 
Delay 
Time to LogiC Low 
tPHL 
0.8 
15 
IlS 
4.6 
10 


at Output 


Propagation 
Delay 
Time to Logic 
High 
tPLH 
10 
2.5 
I'S 
4,6 
10 
at Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at Logic 
CMH 
1000 
V/lls 
IF = OmA, VCM = 10Vp-p 
7 
9.10 


High 
Level Output 


Common 
Mode 
Tran- 


sient 
Immunity 
at LogiC 
CML 
-1000 
VII's 
VCM = 10Vp-p 
7 
9.10 


Low Level Output 


Electrical Specifications, TTl/lSTTl 


Over 
recommended 
temperature 
(TA = 00 C to 700 C) unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ.' 
Max. 
Units 
Test Condillons 
Fig. 
Note 


12 
18 
% 
IF = 16mA, Vo = 0.5V, 


Current 
Transfer 
Ratio 
CTR 
Vcc = 4.5V. TA = 25DC 
1 
5.5 
9 
13 
% 
IF = 16mA. Vo - 0.5V, 
Vcc=4.5V 


Logic 
Low 
VOL 
0.2 
0.5 
V 
IF= 
16mA.lo= 
1.lmA. 
E 
Output 
Voltage 
Vcc -=4.5V 


Logic 
Low 
IFl = IF2'= 16mA 
Supply 
Current 
IceL 
80 
IlA 
VOl = V02 = Open, 
Vcc = 5.5V 


Input 
Forward 
Voltage 
VF 
1.5 
1.7 
V 
IF - 
16mA, TA - 25DC 
2 
5 


Temperature 
Coefficient 
JoVF 
-1.6 
mVloC 
IF = 16mA 
5 
of Forward 
Voltage 
JoTA 


Switching Specifications at TA = 25°C 


Vcc 
= 5V, IF = 16mA, 
RL = 4.7kO 
unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Condillons 
Fig. 
Note 


Propagation 
Delay 
Time to Logic 
Low 
tPHL 
0.3 
15 
IlS 
4,6 
11 


at Output 


Propagation 
Delay 
Time to Logic 
High 
tPLH 
11 
2.5 
IlS 
4,6 
11 


at Output 


Common 
Mode 
Tran- 
sient 
Immunity 
at Logic 
CMH 
1000 
VII'S 
IF -= OmA, VCM = 10Vp-p 
7 
9,11 


High 
Level Output 


Common 
Mode Tran- 
sient Immunity 
at Logic 
CML 
-1000 
VlIlS 
VCM '" 10Vp-p 
7 
9,11 
Low Level Output 


•All typicals 
at 25° C. 
(See following 
page for notes.) 


Electrical Specifications 


Over 
recommended 
temperature 
(TA = O°C to 70°C) 
unless 
otherwise 
specified 


Parameter 
Symbol 
Min. 
Typ.' 
Max. 
Units 
Test Conditions 
Fig. 
Note 


05 
nA 
TA = 25°C, 
IF1 - 
IF2 = OmA 
5 
5 
logic 
High 
10H 
Val 
= V02 = Vcc = 5.5V 


Output 
Current 
50 
IlA 
IF1 = IF2= 0 mA 
5 
V01 = V02 = Vcc = 5.5V 


logic 
High 
ICCH 
0,05 
4 
IlA 
IF1 = IF2 = 0 mA 
Supply 
Current 
V01 '" V02 = Open. 
VCC = 5.5V 


Input 
Reverse 
VR 
5 
V 
IF = 10 1lA. TA = 25°C 
5 
Breakdown 
Voltage 


Input 
Capacitance 
CIN 
60 
pF 
f = 1 MHz, VF = 0 V 
5 


Input-Output 
45% Relative 
Humidity. 
t = 5s 
Insulation 
leakage 
Ii-a 
1.0 
p.A 
VI-O = 3000V dc. TA = 25° C 
7.12 
Current 


Resistance 
RI-o 
1012 
!1 
VI-O = SOOVdc 
7 
I Input-Output 


Capacitance 
0-0 
0.6 
pF 
1=1 
MHz 
7 
(Input-Output 


Input-Input 
Insulation 
Ii-I 
0.005 
IlA 
45% Relative 
Humidity, 
t = 5s 
8 
leakage 
Current 
VH =500Vdc 


Resistance 
ilnpuHnput, 
RH 
1011 
!1 
VH= 
500Vdc 
8 


Capacitance 
CH 
0.25 
pF 
f= 
1 MHz 
8 
\lnput-Inpull 


Notes: 
0 
1. 
Derate linearly 
above 70° C free-air 
temperature 
at a rate 01 a.8mAlo C. 
>= 
1.' 
2. 
Derate linearly 
above 70° C free-air 
temperature 
at a rate ol1.6mAlo 
C. 
" 
cr: 


3. 
Derate linearly 
above 70° C free-air 
temperature 
at a rate of O.9mWfO 
C. 


~ 
.. 
Derate linearly 
above 70° C free-air 
temperature 
at a rate of 1.0mW/o C. 
1,2 
,. 


5. 
Each channel. 
z 
I 
....•. •.. 


6. 
CURRENTTRANSFERRATIO is defined as the ratio of output collector 
" 
1.0 
cr: 
- 
.... 
current, 
10. to the forward 
LED input current, 
IF. times 100%. 


•... 
1/ 
-- -- 


•... 
- 


7. 
Device 
considered 
a two-terminal 
device: 
Pins 
1, 2, 3, and 
4 shorted 
~ 
0.8 


together 
and Pins 5, 6, 7, and 8 shorted 
together. 
cr: 
'I 


Vo -O.5V 
-- 
cr: 
Vcc -5.0V 
8. 
Measured 
between 
pins 1 and 2 shorted 
together, 
and pins 3 and 4 shorted 
::lu 
0.6 
TA-25'C 
together. 


53 
NORMALIZEDTO 
9. 
Common 
mode 
transient 
immunity 
in Logic 
High 
level is the maximum 
N 
--IF-SmA 
tolerable 
(positivel 
dVCM/dt 
on the leading 
edge of the common 
mode 
:; 
0.' - 
" 
--If''6nt 
pulse VCM, to assure that the output 
will remain in a Logic High state (Le., 
~ 


Va> 
2.0VI. Common 
mode 
transient 
immunity 
in Logic 
Low level is the 
cr: 
0.2 
0 


maximum 
tolerable 
(negative) 
dVCM/dt on the trailing 
edge of the common 
z 


mode pulse signal, VCM,toassure 
that the output will remain in a Logic Low 
0 
I 
I 


state (i.e., Va < O.BVl. 
0 
2 • 
6 
8 
10 12 ,. 16 18 20 
22 24 


10. The 7.5k load represents 
1 LSTTL until load of 0.36mA and a 20kO pull-up 
IF - INPUT CURRENT - mA 
resistor. 


11. The 4.7k load represents 
1 LSTTL unit load of O.36mAand 
an 8.2kO pull-up 
resistor. 


12. This is a proof 
test to validate 
the UL 220 Vac rating. 
Figure 1. Current 
Transfer 
Ratio vs. Input Current 
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cr: 
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~ 
/' 
1.0 
I 
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z 
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r- 
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cr: 
0.8 
cr: 
•... 


cr: 
•... 
::l 
0.7 
u 
1.0 
~ 
0 
~ 
cr: 
0.6 
cr: 
/ 


cr: 
Vo ~0.5V 
" 
::l 
0.5 
;: 
u 
Vcc -S,OV 
cr: 
0.1 
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,/ 
0.' - - 
--IF 
-SmA 


I 
./ 
N 
--IF#16mA 
:; 
0.3 


",. 
" 


NORMALlZE.D TO TA 
'"' 25 C 
0.01~ 
,/ 
~ 
0.2 
cr: 
! 


0.001 
:/ 
0 
0.1 
I 
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i 
0 
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1.20 
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1.50 
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0 
20 
.0 
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80 
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VF - FORWARDVOLTAGE - VOLTS 
TA - TEMPERATURE _·c 


Figure 2. Input Current 
vs. Forward 
Voltage 
Figure 3. Current 
Transfer 
Ratio vs. Temperature 
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I- 
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=>0 
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I 
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! 
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',~ 
PULSE 
° 
, 
GEN. 
, 


Zo" son 
" 
,, 
5V 
t,- 5ns 
Vo 
+5V 


1.3v 
1.3V 


10% DUTY 
CYCLE 


tPLH~ 


VOL 
1/1 < 500jJs 
Vo 


tPHl 
IF MONITOR 


'OV--:f[0% 
91°% 


tr. tf = 8ns 


VCM 
ov 
10% 


t, 
" 


A 


Vo 
'--"" 
5V 
~ 


SWITCH 
AT 
A: 
IFz 
OmA 
V" 


Vo 
~VOL 


SWITCH 
AT B: IF::: 16mA 


The 
HCPL-2533 
optocoupler 
is specified 
for use in LSTTL- 


to-LSTTL 
and TTL-to-LSTTL 
interfaces. 
The recommended 
circuits 
show 
the interface 
design 
and give suggested 
com- 


ponent 
values. 
The input 
current 
IF is given 
as both a nominal 


value and a range. 
The range 
in IF results 
from 
the tolerances 
in Vcc and the input 
resistor 
RIN. The CTR of the optocoupler 


7404 
74lS04 
7405 
74LS05 


is given 
as the minimum 
initial 
value over temperature, 
taken 


directly 
from 
the Electrical 
Specifications. 
The value given for 


IOL(min) 
is based 
on the minimum 
CTR and the minimum 
IF 


using 
worst 
case 
values 
for 
RL and 
Vcc. 
The 
resulting 


IOL(min) 
has ample 
design 
margin. 
allowing 
more 
than 
20% 


for CTR degradation 
even under 
these worst 
case conditions. 


For additional 
information 
on CTR degradation 
see Applica- 


tion 
Note 
1002. 


-=- 
-=- 
HCPL·2533 


b. TYPICAL 
INVERTING 
CIRCUIT 
(SEE NOTE 
12) 


LSTTLto 
TTLto 


Parameter 
Symbol 
LSTTL 
LSTTL 
Units 
Comments 
Fig. 
Note 


INPUT 


Logic 
Low Output 
VOLlA, 
0.5 
0.4 
V 
Maximum 
Voltage 
- 
Input 
Gate 


Supply 
Voltage 
- 
Input 
VCCl 
5.0 
5.0 
V 
±5% 


360 
180 
8a 
Input 
ReSistor 
RIN 
n 
±5% 
f--- 


430 
200 
8b 


Input 
Current 
IF 
8 
16 
mA 
Nominal 


14.0-20 
8a 
Input 
Current 
Range 
IF 
6.75-10 
mA 
f--- 


14.5-20 
8b 


OUTPUT 


Logic 
Low Output 
VOLlB) 
0.5 
0.5 
V 
Maximum 
Voltage 
- 
HCPL-2533 


Supply 
Voltage 
- 
Output 
VCC2 
5.0 
5.0 
V 
±5% 


Pull-Up 
Resistor 
RL 
20 
8.2 
kn 
±5% 
13 


Required 
Current 
Sink 
IOL 
0.61 
1.0 
mA 
Worst 
Case Vcc. 
RL, ilL! B 
for Logic 
Low 
(maxI 
14 


HCPL-2533 
Current 
CTR 
9 
Transfer 
Ratio 
11 
% 
Minimum 
TA = O°C to +70°C 


Logic 
Low Output 
IOL 
0.74 
1.26 
Worst 
Case Vcc. 
CTA. 
IF 
~ 
Current 
- 
HCPL-2533 
(min 
1.30 
mA 
15 
TA = O°C to +70°C 
8b 


Data Rate 
fo 
250 
250 
Kb/s 
NRZ. TA = 25°C 
16 


Notes: 
12. The inverting circuit has higher power consumption 
and must use open 


collector gates on the input. 


13. The load resistor RL must be large enough to guarantee 
logic LOW and 


small enough to guarantee logic HIGH 
under worst case conditions: 


14. The maximum current sink required for logic LOW is: 


IOL!maXI 
= IluB)(maXl 
+ IR(rnaxl 


where 
IR is the current through RL. 


15. The ratio of lOll min Ito IOL!max) gives the design margin for CTR degrada- 


tion. See Application 
Note 1002. 
16. The maximum data rate is defined as 


• 


FliOW 
HEWLETT 
~e..PACKARD 


LOW INPUT CURRENT 
LOGIC GATE 
OPTOCOUPLER 


I 


+:=3~ 
: 


2 
I 


VF 
y- 


- 
I 


3 
I 
I 


Features 


• 
COMPATIBLE 
WITH 
LSTTL, 
TTL, AND CMOS 
LOGIC 
• 
2.5 MBAUD 
GUARANTEED 
OVER 
TEMPERATURE 
• 
LOW INPUT 
CURRENT 
(1.6 mA) 
• 
WIDE 
Vcc 
RANGE 
(4.5 TO 20 VOLTS) 
• 
THREE 
STATE 
OUTPUT 
(NO PULLUP 
RESISTOR 
REQUIRED) 
• 
GUARANTEED 
PERFORMANCE 
FROM 0° C 
TO +85°C 
• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABOR- 
ATORIES, 
INC. (FILE 
NO. E55361) 
• 
INTERNAL 
SHIELD 
FOR HIGH 
COMMON 
MODE 
REJECTION 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 
Vdc FOR A WORKING 
VOLTAGE 
OF 220 Vac 
Applications 


• 
Isolation 
of High Speed Logic Systems 
• 
Computer-Peripheral 
Interfaces 
• 
Microprocessor 
System Interfaces 
• 
Ground 
Loop Elimination 
• 
Pulse Transformer 
Replacement 
• 
Isolated 
Buss Driver 
• 
High Speed Line Receiver 


The HCPL-2200 
is an optically 
coupled 
logic gate that com- 


bines 
a GaAsP 
LED 
and 
an integrated 
high 
gain 
photon 
detector. 
The detector 
has a three state output 
stage and has 


a detector 
threshold 
with hysteresis. 
The three state output 


eliminates 
the need for a pullup 
resistor 
and allows fordirect 
drive 
of data 
busses. 
The 
hysteresis 
provides 
typically 
0.1 


a.18 (.oem 
o:i3nrnl 
! 
T 
.- 


6.101.240 
1.36f290l if6li (260 
mCjlOl 


~I_ ...L 
m-I 
14.70 (.Iesl 
MA)( 
II 
I 
I 


- 
I 
ANODE 2 
." 
t lo.SI t020. 


, 
' 
MIN. 
CATHOOE 
r-l- 
I 
i I 
-l:::.. 2.'21.1151 
M'N 


0.76 C0301 
I -~. 
-0.651,025) 
MAX. 


1.4Of":o5i. 
-/- 
~:::.~:; 


DIMENSION$: 
IN MILl.tMeTRES 
AND (INCHES). 


mA of differential 
mode 
noise 
immunity 
and eliminates 
the 


potential 
for output 
signal 
chatter. 
The detector 
IC has an 


internal 
shield 
that 
provides 
a guaranteed 
common 
mode 


transient 
immunity 
of 
1,000 
voltsl/lsec. 
Improved 
power 


supply 
rejection 
eliminates 
the 
need 
for 
special 
power 


supply 
bypassing 
precautions. 


The Electrical 
and Switching 
Characteristics 
of the HCPL- 


2200 are guaranteed 
over the temperature 
range 
of 0° C to 


a5°C. 
The HCPL-2200 
is guaranteed 
to operate 
over aVec 


range 
of 4.5 volts 
to 20 volts. 
Low 
IF and wide Vee range 


allow 
compatibility 
with TTL, 
LSTTL, 
and CMOS 
logic. 
Low 


IF and low Ice result in lower 
power 
consumption 
compared 


to other 
high 
speed 
optocouplers. 
Logic 
signals 
are trans- 


mitted 
with a typical 
propagation 
delay 
of 160 nsec when 
a 


120 pF peaking 
capacitor 
is used in parallel 
with the 1.1 KO 


current 
limiting 
resistor. 


The HCPL-2200 
is useful for isolating 
high speed logic inter- 
faces, buffering 
of input and output 
lines, and implementing 


isolated 
line receivers 
in high noise environments. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Power Supply Voltage 
Vce 
4.5 
20 
Volts 


Enable Voltage High 
VEH 
2.0 
20 
Volts 


Enable Voltage Low 
VEL 
0 
0.8 
Volts 


Forward Input Current 
IF(ON) 
1.6" 
5 
mA 


Forward Input Current 
IF(OFF) 
0.1 
mA 


Operating Temperature 
TA 
0 
85" 
°C 


Fan Out 
N 
4 
TTL Loads 


Recommended Circuit Design 
Absolute Maximum Ratings 


VCC2 
(No 
Derating 
Required 
up to lO·C) 


~1+5V) 


VCCl 
DATA 
Storage 
Temperature 
................ 
-55·C 
to +125·C 


1+5VI 
120 pF 
I 
OUTPUT 
Operating 
Temperature 
-40·C 
to +85·CI1\ 
(OPTIONAL) 
, 
I 
............. 


I 
• 
I 
.Lead 
Solder 
Temperature 
.............. 
260·C 
for 10 s 


1.1KSl: 
I: ......!.. 


(1.6 mm 
below 
seating 
plane) 
~ 
HCPL 
Vec ::D- 
'--1 
..>--0 
¥~ 


I 
L•..•.. 'j 
UP TO 16 LSTT l 
Average 
Forward 
Input 
Current 
- 
IF ............ 
10 mA 
3- 


I 
•. 
I 
LOADS 
~ -~ 
I 
:••••..!..... OR 4 TTL 
LOADS 
Peak Transient 
Input 
Current 
- 
IF ................. 
1A 
TTL~ 
t-1 
_._~-o 
DATA 
OR 
:!}- 
(~1 p'S Pulse 
Width, 
300 pps) 


INPU-r>- 
LSTTL 
3 L: 


: :...... : 
Reverse 
Input 
Voltage 
5V 
/" 
G: 
:!}- 
I' 
•.••' 
............................ 


I 
" 
Supply 
Voltage 
- 
Vcc 
O.OV min., 
20V max. 
L.J 
..,._<) 
............. 


TOTEM 
' -f 
POLE 
t.... 
Three 
State 
Enable 
Voltage 


OUTPUT 
-VE 
.......................... 
-0.5V 
min., 
20V max. 


GATE 
V 
2 
Output 
Voltage 
- 
Vo ............ . 
-0.5V 
min., 
20V max. 


The 120 pF capacitor 
may be omitted 
in applications 
where 500 ns 
Total 
Package 
Power 


propagation 
delay is sufficient. 
Dissipation 
- 
P .......................... 
210 mWI11 


Figure 1. Recommended 
LSTTL to LSTTL Circuit 
Average 
Output 
Current 
- 
10 ....... .. ....... . .. 25 mA 


Electrical Characteristics 


For 0° C:s TAI11 :s 85° C, 4.5 V:S Vcc :s 20 V, 1.6 mA:S IFION):S 5 mA, 2.0 V:S VEH :s 20 V, 0.0 V:S VEL :s 0.8 V, 
o mA:S IFIOFF):S 0.1 mA. All Typicals 
at TA = 25°C, Vcc = 5V, IF{ON)= 3 mA unless otherwise 
specified. 


Parameter 
Symbol 
Min, 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


LogiC Low Output Voltage 
VOL 
05 
Volts 
10L= 6.4 mA .4 TTL Loads' 
2 


Logic High Output Voltage 
VOH 
2.4 
Volts 
10H= -2.6mA 
3 


Output 
Leakage Current 
10HH 
100 
,..A 
Vo =5.5V 
IF =5 mA 


(Vour> 
VecJ 
500 
,..A 
Vo=20V 
Vce = 4.5V 


Logic High Enable Voltage 
VEH 
20 
Volts 


Logic Low Enable Voltage 
VEL 
08 
Volts 


20 
,..A 
VEN= 2.7V 


Logic High Enable Current 
IEH 
100 
,..A 
VEN= 5.5V 


.004 
250 
,..A 
VEN=20V 


Logic Low Enable Current 
IEL 
-032 
mA 
VEN= O.4V 


4.5 
6.0 
mA 
VCC = 5.5V 
IF=O 
mA 
Lagle Low Supply Current 
leeL 
525 
7.5 
mA 
Vee =20V 
VE '" Don't Care 


Logic High Supply Current 
2.7 
4.5 
mA 
Vee = 5.5V 
IF =5mA, 
lecH 
3.1 
6.0 
mA 
VCC = 20V 
'VE = Don't Care 


10ZL 
-20 
,..A 
Vo = O.4V 
VEN = 2V,IF = 5 mA 


High Impedance 
State 
20 
,..A 
Vo =2.4V 


Output 
Current 
10ZH 
100 
,..A 
Vo=5.5V 
VEN= 2V, IF = 0 


500 
,..A 
Vo=20V 


Logic Low Short Circuit 
25 
mA 
Vo = Vcc = 5.5V 
Output Current 
10SL 
IF=OmA 
2 
40 
mA 
Vo = Vce = 20V 


LogiC High Short CircUlt 
-1D 
mA 
Vce = 5.5V 
IF=5mA, 


Output 
Current 
IOSH 
VO=GND 
2 
. 
-25 
mA 
VCC= 2DV 


Input Current Hysteresis 
IHVS 
0.12 
mA 
Vcc=5V 
4 


Input Forward Voltage 
VF 
1.5 
1.70 
Volts 
rF'" 5 mA, TA = 25°C 
5 


Input Reverse Breakdown 
VA 
5 
Volts 
IA = 10,..A at TA = 25°C 
Voltage 


Input Diode Temperature 
.iVF 


Coeffjcient 
-- 
-1.7 
mVioC 
IF=5 
mA 


.iTA 


Input-Output 
Insulation 
VI-O = 3000 VDC 


Leakage Current 
Ii-o 
1 
,..A 
TA '" 25·C, t = 5s 
3,7 


Relative Humidity'" 
45% 


Input-Output 
Resistance 
R,-o 
1012 
ohms 
VI-O = 500 VDC 
3 


Input-Output 
Capacitance 
Cl-0 
06 
pF 
f = 1 MHz, V'-O = 0 VDC 
3 


Input Capacitance 
CIN 
90 
pF 
t = 1 MHz, VF = OV, Pins 2 and 3 


• 


switching Characteristics 
For O°C:5 TA111:585°C, 45V:5 Vcc:5 20V, 1,6 mA :5IF(ON):5 5 mA, 


0,0 mA :5 IF(OFF):5 0,1 mA, All Typicals at TA = 25° C, Vcc = 5V, IF(ON)= 3 mA unless otherwise specified, 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation Delay Time to 
tPHL 
210 
ns 
Without Peaking Capacitor 
6,7 
4.5 


logic 
low 
Output level 
160 
400 
WIth Peaking Capacitor 


PropagatIon Delay Time to 
tPLH 
170 
ns 
Without Peaking Capacitor 
6,7 
4.5 


logic 
High Output level 
115 
400 
With Peaking Capacitor 


Output Enable TIme to 
tPZH 
25 
ns 
8,10 


logic 
High 


Output Enable Time to 
tPZL 
28 
ns 
8,9 


logic 
low 


Output Disable Time 
tPHZ 
105 
ns 
8,10 
from logic 
High 


Output DIsable Time 
tPLZ 
60 
ns 
8,9 
from logic 
low 


Output RIse Time 
lQ..90% 
tr 
55 
ns 
6.11 


Output Fall Time 
90-10% 
tf 
15 
ns 
6.11 


logic 
High Common Mode 
CMH 
-1000 
-10,000 
VII'S 
TA = 25'C, IF = 1.6 mA 
12,13 
6 


Transient Immunity 
VCM" 50V 


logic 
low 
Common Mode 
CML 
1000 
10.000 
VII'S 
TA - 25'C, IF = 0 
12,13 
6 
Transient ImmunIty 
VCM= 50V 


I 
I 
I 


0 
5 
> 
~ 
.II 
Vec" 
4.5V 
0,. 
Vce·4.5V 
- 
E 
~c;;~:v~ 
I 
I 
-, 
T" "25'C 
~ 


If"OrnA 
>- 
\ 
~ 


0,8 
10"'64mA- 


~ 


> 
4 


-2 
I 


0 
0,7 
Vo~/.7V 
~ 
> 
il 
>- 
0,6 
>- 
-3 
\ 
~ 
3 
=>~ 
=> 
>- 
:= 
0 


=> 
0,5 
=> 
-4 
> 
IOH" 
-2.6mA 
0 
0 
Vo •.'2.4V 
>- 
~ 0,4 
~ 
I'... 
~ 
2 
~ 


w 
-5 
~ 


=> 


0,3 
"- 


0 
" 
" 


-6 
I 


g 
0,2 
'-' 
r-- 
~ 
1 
I 
i 


~ 
0,1 
I 
-7 
loL •• 6.4 mA 
z 


i 
" 
0 
-8 
0 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
-60 
-40 
-20 
0 
20 
40 
60 
80 
'00 
0 
,5 
1 
1,5 
2 


TA - 
TEMPERATURE 
-'C 
TA - 
TEMPERATURE 
- 
C 
IF - 
INPUT CURRENT 
- 
mA 


Figure 2. Typical Logic low 
Output 
Figure 3. Typical Logic High Output 
Figure 4. Output Voltage vs. Forward 
Voltage vs. Temperature 
Current vs. Temperature 
Input Current 
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Figure 12. Test Circuit for Common Mode 
Transient Immunity and Typical 
Waveforms 
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Figure 13. Typical Common Mode 
Transient Immunity vs. Common Mode 
Transient Amplitude 


Figure 16. Series LED Drive with 
Open Collector Gate (6.04 K!1 
Resistor Shunts IOH from the LED) 


The 120 pF capacitor may be omitted in applications where 500 ns propagation delay is sufficient. 


Notes: 
1. 
Derate total package power dissipation, 
P, linearly above 70°C free air 
temperature at a rate of 4.5 mWfOC. 
2. 
Duration of output short circuit time should not exceed 10 ms. 
3. 
Device considered a two terminal device: pins 1,2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 


4. 
The tPLHpropagation 
delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.3V point on the leading edge of 
the output pulse. The tPHL propagation delay is measured from the 50% 


point on the trailing edge of the input pulse to the 1.3V point on the 
trailing edge of the output pulse. 
5. 
When the peaking capacitor is omitted, propagation 
delay times may 
increase by 100 ns. 


6. 
CML is the maximum rate of rise of the common mode voltage that can 
be sustained with the output voltage in the logic low state 
Vo < 0.8V '. 


CMH is the maximum rate of fall of the common mode voltage that can 
be sustained with the output voltage in the logic high state (Vo > 2.0VI. 


7. 
This is a proof test to validate the UL 220 Vac rating. 
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Fh;W HEWLETT 
~~ 
PACKARD 


__ 
Ice 


Vcc 
lOOon 
8 
J-:- 


VF 


SHIELD 
/' 


A 0.01 
TO 0.1 #-IF BYPASS 
CAPACITOR 


MUST 
BE CONNECTED 
BETWEEN 
TRUTH 
TABLE 
PINS 8 AND 
5. (seE 
NOTE 
1), 
(POSITIVE 
LOGIC) 


Features 


• 
GUARANTEED 
LOW THRESHOLDS: 
IF = 0.5 mA, 


VF $1.5 
V 


• 
HIGH 
SPEED: 
GUARANTEED 
5 MBd OVER 
TEMPERATURE 


• 
VERSATILE: 
COMPATIBLE 
WITH 
TTL, 
LSTTL 
AND 
CMOS 


• 
NEW, MORE 
EFFICIENT 
820 nm AIGaAs 
IRED 


• 
INTERNAL 
SHIELD 
FOR GUARANTEED 
COMMON 
MODE 
REJECTION 


• 
SCHOTTKY 
CLAMPED, 
OPEN 
COLLECTOR 
OUTPUT 
WITH 
OPTIONAL 
INTEGRATED 
PULL-UP 
RESISTOR 


• 
STATIC 
AND 
DYNAMIC 
PERFORMANCE 
GUARANTEED 
FROM -40° C to 85° C 


• 
SPECIAL 
SELECTION 
FOR LOW FORWARD 
CURRENT 
APPLICATIONS 
(IF ~ 150 I'A) 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 V de 
FOR A WORKING 
VOLTAGE 
OF 220 Vae 


• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES, 


INC. (FILE 
NO. E55361) 


Applications 


• 
GROUND 
LOOP 
ELIMINATION 


• 
COMPUTER-PERIPHERAL 
INTERFACES 


• 
LEVEL 
SHIFTING 


• 
MICROPROCESSOR 
SYSTEM 
INTERFACES 


• 
DIGITAL 
ISOLATION 
FOR AID, 
D/A CONVERSION 


• 
RS-232-C 
INTERFACE 


• 
HIGH 
SPEED, 
LONG 
DISTANCE 
ISOLATED 
LINE 
RECEIVER 


LOW INPUT CURRENT 


HIGH SPEED 
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The HCPL-2300 
optocoupler 
combines 
an 820 nm AIGaAs 
photon 
emitting 
diode 
with an integrated 
high gain photon 
detector. 
This 
combination 
of Hewlett-Packard 
designed 
and manufactured 
semiconductor 
devices 
brings 
new high 
performance 
capabilities 
to designers 
of isolated 
logic and 
data communication 
circuits. 


The new low current, 
high speed AIGaAs 
emitter 
manufac- 


tured 
with a unique 
diffused 
junction, 
has the virtue 
of fast 
rise and fall times 
at low 
drive 
currents. 
The 
HCPL-2300 
has a typical 
propagation 
delay 
of 120 ns at 0.5 mA for- 
ward 
current. 
With 
special 
selection, 
the 
device 
can 
aChieve 80 ns propagation 
delay at 150 I'A Figure 
6 illus- 
trates 
the 
propagation 
delay 
vs. 
input 
current 
characteristic. 
These 
unique 
characteristics 
enable 
this 
device 
to be used 
in an RS-232-C 
interface 
with 
ground 


loop isolation 
and improved 
common 
mode rejection. 
As a 


line receiver, 
the HCPL-2300 
will operate 
over 
longer 
line 
lengths 
for a given 
data 
rate because 
of lower 
IF and 
VF 
specifications. 


The output 
of the shielded 
integrated 
detector 
circuit 
is an 
open 
collector 
Schottky 
clamped 
transistor. 
The 
shield, 


which 
shunts 
capacitively 
coupled 
common 
mode noise to 
ground, 
provides 
a guaranteed 
transient 
immunity 
specifi- 
cation 
of 100 VII's. The output 
circuit 
includes 
an optional 
integrated 
1000 Ohm 
pull-Up 
resistor 
for the open 
collec- 
tor. This 
gives 
designers 
the flexibility 
to use the internal 
resistor 
for 
pull-up 
to five 
volt 
logic 
or to use an external 
resistor 
for 18 volt 
CMOS 
logic. 


The Electrical 
and Switching 
Characteristics 
of the HCPL- 
2300 are guaranteed 
over 
a temperature 
range of -40° C to 
85° C. This data sheet will allow 
users of the dCPL-2300 
to 
confidently 
implement 
all 
necessary 
static 
and 
dynamic 
performance 
requirements 
which 
may 
be subjected 
to a 
broad 
range of operating 
environments. 


Recommended operating 


10.0 
I 
y(:~c 
Conditions 
I 
IF 
Sym. Min. 
Max. 
Units 
1.0 ~~VF I 


Input Voltage, Low Level 
VFL 
-2.5 
0.8 
V 
3- 


Input Current I O' C to 85' C 
0.5 
1.0 
IFH 
mA 
High Level 
l-4o'c 
to 85°C 
0.5 
0.75 
0.1 I 


Supply Voltage, Output 
Vee 
4.75 
5.25 
V 


Fan Out (TTL Load) 
N 
5 


Operating Temperature 
TA 
-40 
85 
'c 
0.01 
I 


1.1 
1.2 
1.3 
1." 


VF - 
FORWARD 
VOLTAGE 
- 
VOLTS 


Absolute Maximum Ratings 
Figure 2. 
Typical Input Diode Forward Characteristic. 


(No derating required) 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


Storage Temperature 
Ts 
-55 
125 
'c 


Operating Temperature 
TA 
-40 
85 
'c 


Lead Solder Temperature 
260' C for 10 s. (1.6 mm below seating planel 


Average Forward Input Current 
IF 
5 
mA 
See Note 2 


Reverse Input Voltage 
VR 
4.5 
V 


Supply Voltage 
Vee 
0.0 
7.0 
V 


PUll-up Resistor Voltage 
VRL 
-0.5 
Vee 
V 


Output Collector Current 
10 
-25 
25 
mA 


Input Power Dissipation 
PI 
10 
mW 


Output Collector Power Dissipation 
Po 
40 
mW 


Output Collector Voltage 
Vo 
-0.5 
18 
V 


Electrical Characteristics 


For -40' C ~ TA ~ 85° C, 4.75 V ~ Vee ~ 5.25 V, VFL~ 0.8 V, unless otherwise specified. 
All typicals at TA = 25° C, Vee = 5 V, unless otherwise specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


250 
VF =0.8 V,Vo= 
18 V 
High Level Output Current 
IOH 
0.05 
10 
p.A 
VF = 0.8 V, Va = 18 V, 
4 


TA = 25'C 


Low Level Output Voltage 
VOL 
0.4 
0.5 
V 
IF=0.5 
mA 
3 
10L(Sinking) = 8 mA 


High Level Supply Current 
leeH 
4.0 
63 
mA 
IF= 0 mA, Vee = 5.25 V 


Low Level Supply Current 
leeL 
6.2 
10.0 
mA 
IF = 1.0 mA, Vee = 5.25 V 


Input Forward Voltage 
VF 
1.0 
1.3 
15 
V 
IF = 1.0 mA, TA = 25' C 
2 


Input Diode Temperature 
/iVF 
-1.6 
mVioC 
IF= 1.0 mA 


Coefficient 
/iTA 


Input Reverse Breakdown 
BVR 
4.5 
V 
IR= 10 p.A, TA = 25'C 
Voltage 


Input Capacitance 
CIN 
18 
pF 
VF = 0 V, f = 1 MHz 


Input-Output 
Leakage 
11-0 
1 
p.A 
Relative Humidity = 45% 
3,9 
Current 
TA = 25' C, t = 5 S, 
VI-O = 3000 V DC 


Resistance <lnput-Outputl 
RI-o 
1012 
n 
VI-O= 500 V 
3 


Capacitance (Input-Output) 
CI-O 
0.6 
pF 
f = 1 MHz 
3 


Internal PUll-up Resistor 
RL 
680 
1000 
1700 
Ohms 


Switching Characteristics 


For -40° C S; TA S; 85° C, 0.5 mA S; IFH S; 0.75 mA; 
For 0° C S; TA S; 85° C, 0.5 mA S; IFHS; 1.0 mA; With 
4.75 V S; Vcc 
S; 5.25 V, VFL S; 0.8 V, unless 
otherwise 
specified. 


All typicals 
at T A = 25° C, Vcc 
= 5 V, IFH = 0.625 
mA, unless 
otherwise 
specified. 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay 
Time 
to 
95 
Cp=O 
pF 
5,6,8 


Logic 
High 
Output 
Level 
tPLH 
ns 
4,8 


85 
160 
Cp = 20 pF 
5,8 


Propagation 
Delay 
Time 
to 
110 
CP = 0 pF 
5,6,8 


Logic 
Low 
Output 
Level 
tPHL 
ns 
5,8 


35 
200 
CP = 20 pF 
5,8 


Output 
Rise Time 
<10-90%) 
tr 
40 
ns 
CP = 20 pF 


7,8 
8 


Output 
Fall Time 
(90-10%) 
tf 
20 
ns 


Common 
Mode 
CMH 
100 
400 
VII's 
VCM = 50 V <peak), 
9, 10 
6 


Transient 
Immunity 
Va (min.) 
= 2 V, 


at High 
Output 
Level 
RL = 5600, 
IF = 0 mA 


Common 
Mode 
CML 
-100 
-400 
VII's 
VCM = 50 V <peak), 
9, 10 
7 


Transient 
Immunity 
Va (max,) 
= 0.8 V, 


at Low 
Output 
Level 
RL = 5600, 
IF = 0.5 mA 


(See page 5-35 for Notesl 
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Applications 


The 
HCPL-2300 
optocoupler 
has the unique 
combination 
of 
low 
0.5 
mA 
LED 
operating 
drive 
current 
at a 5 MBd 
speed 
performance. 
Low 
power 
supply 
current 
require- 
ment 
of 
10 
mA 
maximum 
and 
the 
ability 
to 
provide 
isolation 
between 
logic 
systems 
fulfills 
numerous 
applica- 
tions 
ranging 
from 
logic 
level 
translations. 
line 
receiver 
and 
party 
line 
receiver 
applications. 
microprocessor 
I/O 
port 
isolation, 
etc. 
The 
open 
collector 
output 
allows 
for 


wired-OR 
arrangement. 
Specific 
interface 
circuits 
are illus- 
trated 
in 
Figures 
11 
through 
18 
with 
corresponding 


component 
values, 
performance 
data 
and 
recommended 
layout. 


For 
-40° C to 85° C operating 
temperature 
range. 
a mid 
range 
LED 
forward 
current 
(IF) of 
0.625 
mA 
is recom- 
mended 
in 
order 
to 
prevent 
overdriving 
the 
integrated 
circuit 
detector 
due 
to 
increased 
LED 
efficiency 
at 
temperatures 
between 
0° C 
and 
-40° C. 
For 
narrower 
temperature 
range of 0° C to 85° C, a suggested 
operating 
LED current 
of 0.75 mA is recommended 
for the mid range 
operating 
point 
and for minimal 
propagation 
delay skew. A 
peaking 
capacitance 
of 20 pF in parallel 
with 
the current 
limiting 
resistor 
for 
the 
LED 
shortens 
tPHL by 
approxi- 
mately 
33% and 
tPLH by 
13%. Maintaining 
LED 
forward 


voltage 
(VF) below 0.8 V will guarantee 
that the HCPL-2300 


output 
is off. 


The recommended 
shunt 
drive technique 
for TTULSTTU 
CMOS 
of 
Figure 
11 provides 
for 
optimal 
speed 
perfor- 
mance, 
no 
leakage 
current 
path 
through 
the 
LED, 
and 
reduced 
common 
mode 
influences 
associated 
with 
series 


switching 
of a "floating" 
LED. 
Alternate 
series 
drive 
tec- 


niques 
with 
either 
an active 
CMOS 
inverter 
or an open 
collector 
TTL/LSTTL 
inverter 
are illustrated 
in Figures 
12 
and 13 respectively. 
Open collector 
leakage 
current 
of 250 
!J.A has 
been 
compensated 
by the 
3.16K 
Ohms 
resistor 


(Figure 
13) at the expense 
of twice 
the operating 
forward 
current. 


An application 
of the 
HCPL-2300 
as an unbalanced 
line 


receiver 
for use in long 
line twisted 
wire pair communica- 


tion 
links 
is shown 
in Figure 
14. Low LED IF and VF allow 


longer 
line 
length, 
higher 
speed 
and 
multiple 
stations 
on 
the 
line 
in 
comparison 
to 
higher 
IF, VF optocouplers. 


Greater 
speed 
performance 
along 
with 
nearly 
infinite 


common 
mode 
immunity 
are achieved 
via the 
balanced 


split 
phase 
circuit 
of Figure 
15. Basic 
balanced 
(differen- 
tiall 
line 
receiver 
can 
be 
accomplished 
with 
one 


HCPL-2300 
in Figure 
15, but with a typical 
400 V/!J.s com- 


mon 
mode 
immunity. 
Data 
rate versus 
distance 
for 
both 


the above 
unbalanced 
and balanced 
line receiver 
applica- 
tions 
are compared 
in Figure 
16. The 
RS-232-C 
interface 


circuit 
of 
Figure 
17 provides 
guaranteed 
minimum 
com- 


mon mode immunity 
of 100 V/!J.s while 
maintaining 
the 2:1 
dynamic 
range of IF. 


A 
recommended 
layout 
for 
use 
with 
an 
internal 
1000 
Ohms 
resistor 
or an external 
pull-up 
resistor 
and required 


Vcc 
bypass 
capacitor 
is given 
in Figure 
18. VCC1 is used 


with 
an external 
pull-up 
resistor 
for output 
voltage 
levels 
(VOl greater 
than 
or equal 
to 5 V. As illustrated 
in Figure 


18, 
an 
optional 
Vcc 
and 
GND 
trace 
can 
be 
located 
between 
the input 
and the output 
leads of the HCPL-2300 
to provide 
additional 
noise immunity 
at the compromise 
of 
insulation 
capability 
(VI-Ol. 
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• OTHER 
DEVICES: 
MC3488A/B 
T1-J,lA9636A. 


··MAY 
BE REQUIREO 
ON OLDER 
VERSIONS 
OF J,lA9636A . 


•• 
" SCHOTTKY 
DIODE 
(HP 5082-2800, 
OR EQUIVALENT). 


REFERENCE 
FIGURE 
16 FOR DATA 
RATE 
vs. LINE 
DISTANCE 
l. 


REFERENCE 
FIGURE 
16 
FOR 
DATA 
RATE 
vs. LINE 
DISTANCE 
L. 


FOR 
LESS SEVERE 
COMMON 
MODE 
INTERFERENCE 
ENVIRONMENTS, 


ONE 
HCPL-2300 
OPTOCOUPLER 
WITH 
NO EXCLUSIVE 
-OR 
FLIP 
FLOP 


CIRCUIT 
CAN 
BE USED 
FOR 
BALANCED 
LINE 
RECEIVER 
APPLICATIONS. 
Vo : VIN. 


HCPL-2300 
r----------., 
I 
I 
I 
I 
I 


I 


LSTTL 
EXCLUSIVE-OR 


FLIP 
FLOP 


Figure 15. Application 
of Two HCPL-2300 Units Operating as an Isolated, High Speed, Balanced, Split Phase Line Receiver with 
Significantly 
Enhanced Common Mode Immunity. 
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Figure 16. Typical Point to Point Data Rate vs. Length of Line 
for Unbalanced (Figure 14) and Balanced 
(Figure 15) Line Receivers using HCPL-2300 
Optocouplers. 
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Figure 17. RS-232-C Interlace Circuit with HCPL-2300. 


0° C = TA = 85° C. 


NOTES: 
1. 
Bypassing 
of the 
power 
supply 
line 
is required 
with 
a 0.01 J-LF 
ceramic disc capacitor 
adjacent to each optocoupler 
as illustrated 
in 
Figure 
18. The power supply 
bus for the optocoupler(sl 
should 
be 
separate from the bus for any active loads, otherwise 
a larger value 
of bypass capacitor 
(up to 0.1 J-LFlmay be needed to suppress regen- 
erative feedback via the power supply. 
2. 
Peaking circuits 
may produce transient 
input currents 
up to 100 mA, 


500 ns maximum 
pulse width, 
provided 
average current 
does not 


exceed 5 mA. 


3. 
Device considered 
a two terminal 
device: pins 1,2,3 
and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 


4. 
The tPLH propagation 
delay is measured from the 50% point on the 
trailing 
edge of the input pulse to the 1.5 V point on the trailing 
edge 
of the output pulse. 


5. 
The tPHL propagation 
delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.5 V point on the leading edge 
of the output pulse. 
6. 
CMH is the maximum 
tolerable 
rate of rise of the common 
mode vol- 
tage to assure that the output 
will remain in a high logic state {i.e., 


VOUT> 2.0 VI. 


7. 
CML is the maximum 
tolerable 
rate of fall of the common 
mode vol- 
tage to assure that the output 
will remain in a low logic 
state (i.e., 


VOUT < 0.8 VI. 


8. 
Cp is the peaking capacitance. 
Refer to test circuit 
in Figure 8. 


9. 
This is a proof test to validate the UL 220 Vac rating. 


F/in- HEWLETT 
~~ 
PACKARD 
LSTTL/TTL 
COMPATIBLE 
OPTOCOUPLER 


TRUTH TABLE 
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Enable 
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Features 


• 
LSTTLITTL 
COMPATIBLE: 
5 V SUPPLY 


• 
ULTRA 
HIGH 
SPEED 


• 
LOW INPUT 
CURRENT 
REQUIRED 


• 
HIGH 
COMMON 
MODE 
REJECTION 


• 
GUARANTEED 
PERFORMANCE 
OVER TEMPERATURE 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 
3000 Vdc FOR A WORKING 
VOLTAGE 
OF 220 Vac 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES, 
INC. 


(FILE 
NO. E55361) 


Description 
Applications 


The 
6N137 
consists 
of 
a 
GaAsP 
photon 
emitting 
diode 
and a unique 
integrated 
detector. 
The photons 
are collected 
in the detector 
by a photodiode 
and then amplified 
by a high 
gain 
linear 
amplifier 
that 
drives 
a Schottky 
clamped 
open 
collector 
output 
transistor. 
The 
circuit 
is 
temperature, 


current 
and voltage 
compensated. 


This 
unique 
isolator 
design 
provides 
maximum 
DC and AC 
circuit 
isolation 
between 
input 
and 
output 
while 
achieving 
LSTTLITTL 
circuit 
compatibility. 
The 
isolator 
operational 
parameters 
are guaranteed 
from 
O°C to 70°C, 
such 
that 
a 
minimum 
input 
current 
of 5mA will sink an eight 
gate fan-out 


(13mA) 
at the output 
with 
5 volt Vcc 
applied 
to the detector. 


This 
isolation 
and 
coupling 
is 
achieved 
with 
a 
typical 
propagation 
delay 
of 
45ns. 
The 
enable 
input 
provides 


gating 
of 
the 
detector 
with 
input 
sinking 
and 
sourcing 
requirements 
compatible 
with 
LSTTL/TTL 
interfacing 
and a 
propagation 
delay 
of 25ns typical. 


The 
6N137 
can 
be 
used 
in high 
speed 
digital 
interfacing 
applications 
where 
common 
mode signals 
must be rejected, 


such 
as for a line receiver 
and digital 
programming 
of floating 
power 
supplies, 
motors, 
and other 
machine 
control 
systems. 
The 
elimination 
of 
ground 
loops 
can 
be 
accomplished 
in 
system 
interfaces 
such 
as between 
a computer 
and 
a 


peripheral 
memory, 
printer, 
controller, 
etc. 


The 
open 
collector 
output 
provides 
capability 
for 
bussing, 


OR'ing 
and strobing. 


'--'-~'~ 
- 
0.18"0071 


9901.3901 
---o=0:J3COUl 
1- 


S 
TYPE NUMBER" 
-. 


FhflW. XXXX 
DATE CO~E3. 12901 :;gl~:: 
~t.:.IXXXAJ 
'1'8Bi:nol 


~~COGNITION 
t 
1- 
6 
TYP 
t 


;~~' 
t 
f 


I 


_I 
_1.78 
CD70}MAX 


--- 
1--· 
1.191.047) MAX 
ffin 


----r 
1 


4.70 
/.lSSl 
MAX. 


--1.. 
, 
ANooe 


II 
I 
I 
"~201 


; 
. I 
. I . 
-f,.... 
MIN. 
(.AfHOO£ 


r-i- 
1 . 
"-- 
2.92 
1.1151 MIN. 


- 
--0.651,0251 
MAX. 
0.76 (,030) 
f40 (.05S) 
_~ 
~:~~ ~:~~ 


DIMENSIONS 
IN MllllMETRES 
AND HNCHES). 


Conditions 
Sym. 
Min. 
Mac. 
Units 


Input Current, Low Level 
1" 
0 
2EO 
p.A 


Each Channel 


Input Current. High Level 
ilH 
6.3" 
15 
mA 


Each Channel 


High Level Enable Voltage 
VIII 
2.0 
Vcc 
V 


Low Level Enable Voltage 
VII 
0 
08 
V 
(Output 
High) 


Supply Voltage, Output 
Vcc 
45 
55 
V 


Fan Out 
N 
8 
(TTL Load) 


Operating Temperature 
T, 
0 
'70 
'C 


Absolute Maximum Ratings' 
(No derating required up to 70°C) 


Storage 
Temperature 
-55° C to +125° C 


Operating 
Temperature 
0°Cto+70°C 
Lead Solder 
Temperature 
260°C 
for 
10s 


(1.6mm 
below 
seating 
plane) 


Peak Forward 
Input 
Current 
40mA (t S; 1msec Duration) 


Average 
Forward 
Input 
Current 
20mA 


Reverse Input 
Voltage 
.. 
5V 
Enable 
Input Voltage 
5.5V 
(Not 
to exceed 
Vcc by more 
than 
500mV) 


Supply 
Voltage 
- Vcc 
. 
7V (1 Minute 
Maximum) 


Output 
Current-Io 
50mA 
Output 
Collector 
Power Dissipation 
85mW 
Output 
Voltage 
- Vo 
7V 


**6.3mA condition permits at least 20% eTR degradation 


guardband. 
Initial 
switching 
threshold 
is 5mA or less. 


Electrical Characteristics 
OVER RECOMMENDED 
TEMPERATURE 
(TA = O°C TO 70°C) 
UNLESS OTHERWISE 
NOTED 


Parameter 
Symbol 
Min. 
Typ.** 
Max. 
Units 
Test Conditions 
Figure 
Note 


High Level Output Current 
10H* 
2 
I 
250 
iJ.A 
Vee=5.5V, 
Vo=5.5V, 
6 
'F=250iJ.A, VE=2.0V 
.- 


Low Level Output Voltage 
VOL * 
0.4 
0.6 
V 
Vec=5.5V, 
IF=5mA, 
3,5 
VEH=2.0V 


\ 


10L {Sinking} =13mA 
_.- 
-- 
- 
---r-- 


High Level Enable Current 
IEH 
I 
-0.8 
mA 
I 
Vce=5.5V, 
VE=2.0V 
- 
- 
+ 
.-- +---- 


Low Level Enable Current 
IEL * 
I 
-1.2 
-2.0 
mA: 
Vee=5.5V, 
VE=0.5V 
-- 


High Level Supply Current 
'ecH * 
7 
15 
mA 
Vee=5.5V,IF=0 


I 


-t-13 
VeO.5V 
- 
- 
t 
Low Level Supply 
leeL * 
i 


18 
mA 
Vec=5.5V, 
IF=10mA 
VE=0.5V 
- 


Input-Output 
Insulation 
11·0* 
I 
1.0 
iJ.A 
Relative Humidity=45% 
5,9 
Leakage Current 
TA=25°C, t=5s 
VI.0=3000Vdc 


.- ---: 
..•. 
-- 


Resistance (Input-Output) 
RI_O 
1012 
Q 
V'_0"'500V, 
TA"'25°C 
5 


Capacitance (Input-Output) 
CI_O 
0.6 
pF 
f"'lMHz, 
TA"'25°C 
5 


Input Forward Voltage 
VF* 
1.5 
1.75 
V 
IF"'10mA, TA=25°C 
4 
8 


Input Reverse Breakdown 
BVR* 
5 
V 
IR=10iJ.A, TA=25°C 
Voltage 


Input Capacitance 
CIN 
60 
pF 
VF=O, f=lMHz 


Current Transfer Ratio 
CTR 
700 
% 
IF=5.0mA, RL=100Q 
2 
7 • 


Switching Characteristics at TA=25°C, VCC=5V 


Parameter 
Symbol 
I 
Min. 
Typ. 
Max. 
i Units 
Test Cood itions 
I Figure 
Note 


Propagation Delay Time to 
tpLH * 
45 
75 
i 
ns 
RL=350Q, CL=15pF, 
7,9 
1 
High Output 
Level 
IF=7.5mA 


Propagation Delay Time to 
tpHL * 


• 


45 
75 
OS 
RL=350Q, CL=15pF, 
7,9 
2 
Low Output 
Level 
iF=7.5mA 
- 
-+--- 


Output Rise·Fall Time 
tr, tf 
20,30 
os 
RL=350Q, 
CL=15pF, 
(10-90%) 
IF=7.5mA 
._. 
Propagation Delay Time of 
tELH 
40 
ns 
RL=350Q, CL=15pF, 
8 
3 
Enable from VEH to VEL 
IF=7.5mA, VEH=3.0V, 
VEL=0.5V 


Propagation Delay Time of 
tEHL 
25 
os 
RL=350Q, CL=15pF, 
8 
4 
Enable from VEL to VEH 
IF=7.5mA VEH=3.0V, 
VEL=0.5V 


Common Mode Transient 
CMH 
50 
v/iJ.s 
VeM=10V 
RL=350Q, 
11 
6 
Immunity 
at Logic High 
Vo(min.)=2V, 
IF=OmA 
Output 
Level 


Common Mode Transient 
CML 
-150 
v/iJ.s 
VeM=10V RL =350Q, 


I 
11 
6 
Immunity 
at Logic Low 
Vo(max.)=O.8V, 
I 
Output 
Level 
i 
IF"'5mA 


Logic 
Convention. 
The 6N137 
is defined 
in terms 
of positive 


logic. 
Bypassing. 
A ceramic 
capacitor 
(.01 to O.l!.LF) should 
be con- 


nected 
from 
pin 8 to pin 
5 (Figure 
12). Its purpose 
is to stab- 


ilize the operation 
of the high gain linear amplifier. 
Failure 
to 


provide 
the bypassing may impair 
the switching 
properties. 
The 


total 
lead length 
between 
capacitor 
and coupler 
should 
not ex- 


ceed 20mm. 
Polarities. 
All 
voltages 
are referenced 
to 
network 
ground 
(pin 


5). 
Current 
flowing 
toward 
a terminal 
is considered 
positive. 


Enable 
Input. 
No external 
pull-up 
required 
for a logic 
(1). i.e., 


can be 0 pen ci rcu it. 


•.•.•.•. 


70 
&,:flo. 
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" 
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I 
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>- 
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0u 
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_0 
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CURVE 
TRACER 


TERMINALS 


NOTES: 
1. The tPlH 
propagation 
delay 
is measured 
from 
the 3.75mA 
point 
on the trailing 
edge of the input 
pulse to the 1.5V point 
on the trailing 
edgeofthe 
output 
puise. 


2. The tPHI 
propagation 
delay 
is measured 
from 
the 3.75mA 
point 
on the leading 
edge 
of the input 
pulse 
to 1.5V point 
on the leading 
edge of the output 
pulse. 


3. ThetELH 
enable 
propagation 
delay is measured 
from the 1.5V point of the trailing 
edge of the input 
pulse to the 1.5V point 
on the trailing 
edge of the output 
pulse. 


4. The tEHL enable 
propagation 
delay is measured 
from the 1.5V point on the 
leading 
edge 
of the 
input 
pulse 
to the 
1.5V point 
on the leading 
edge 
of the 
output 
pulse. 


5. Device 
considered 
a two terminal 
device: 
pins 
2 and 3 shorted 
together, 
and 
pins 
5, 6, 7, and 
8 shorted 
together. 


6. Common 
mode transient 
immunity 
in Logic 
High level is the maximum 
tolerable 


(positive) 
dVcM/dt 
on the 
leading 
edge 
of the common 
mode 
pulse, 
VCM, to 
assure 
that the output 
will remain 
in a Logic 
High stale 
(i.e., Vo>2.0V). 
Common 
mode transient 
immunity 
in 
Logic 
Low 
level is the maximum 
tolerable 


(negative) 
dVCM/dt 
on the trailing 
edge of the common 
mode pulse signal, 
VCM. 


to assure that the output 
will remain in a Logic Low state (i.e.. Vo<O.8V). 


7. DC Current 
Transfer 
Ratio is defined 
as the ratio of the output 
collector 
current 
to the forward 
bias input current 
times 100%. 


8. At 10mA 
VF decreases 
with 
increasing 
temperature 
at tAe rate of 1.6mVJOC . 


9. This is a proof 
test to validate 
the UL 220 Vac rating. 


VF - 
FORWARD 
VOLTAGE 
- 
VOLTS 


Figure 4. Input Diode Forward Characteristic. 
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tpHL 
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Figure 11. Test Circuit for Transient Immunity and Typical Waveforms. 
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Features 
• 
INTERNAL 
SHIELD 
FOR 
HIGH 
COMMON 
MODE 
REJECTION 
(CMR) 


• 
HIGH 
SPEED 


• 
GUARANTEED 
MINIMUM 
COMMON 
MODE 
TRANSIENT 
IMMUNITY: 
1000V/IlS 


• 
LSTTLITTL 
COMPATIBLE 


• 
LOW INPUT 
CURRENT 
REQUIRED: 
SmA 


• 
GUARANTEED 
PERFORMANCE 
OVER 
TEM- 
PERATURE: 
O°C to 70°C 


• 
STROBABLE 
OUTPUT 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 
3000 Vdc FOR A WORKING 
VOLTAGE 
OF 
220 Vac 


• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 
PROGRAM 
OF 
UNDERWRITERS 
LABORA- 
TORIES, 
INC. (FILE NO. ESS361) 


Description 


The HCPL-2601 
optically 
coupled 
gate combines 
a GaAsP 


light 
emitting 
diode 
and an integrated 
high 
gain 
photon 
detector. 
An 
enable 
input 
allows 
the 
detector 
to 
be 
strobed. 
The 
output 
of 
the 
detector 
I.C. 
is 
an 
open 
collector 
Schottky 
clamped 
transistor. 
The internal 
shield 
provides 
a guaranteed 
common 
mode transient 
immunity 
specification 
of 1000 volts/Ilsec. 


This 
unique 
design 
provides 
maximum 
D.C. 
and 
A.C. 


circuit 
isolation 
while 
achieving 
TTL 
compatibility. 
The 
isolator 
D.C. operational 
parameters 
are guaranteed 
from 
0° C to 
70° C allowing 
troublefree 
system 
performance. 
This isolation 
is achieved 
with a typical 
propagation 
delay 
of 40 nsec. 


The 
HCPL-2601's 
are 
suitable 
for 
high 
speed 
logic 
interfacing, 
input/output 
buffering, 
as line 
receivers 
in 


environments 
that 
conventional 
line 
receivers 
cannot 
tolerate 
and are recommended 
for use in extremely 
high 


ground 
or induced 
noise 
environments. 
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DIMENSIONS IN MllllMETRES 
AND lINCHES1. 


Applications 


• 
Isolated 
Line 
Receiver 


• 
Simplex/Multiplex 
Data 
Transmission 


• 
Computer-Peripheral 
Interface 


• 
Microprocessor 
System 
Interface 


• 
Digital 
Isolation 
for 
A/D, 
D/A 
Conversion 


• 
Switching 
Power 
Supply 


• 
Instrument 
Input/Output 
Isolation 


• 
Ground 
Loop 
Elimination 


• 
Pulse 
Transformer 
Replacement 


ReCOmmendedoperating 
C 
d·t· 
on I Ions 
Sym. 
Min. 
Max. 
Units 


Input Current, Low Level 
I" 
0 
250 
JJ.A 


Input Current, High Level 
I,·" 
6.3· 
15 
mA 


Supply Voltage, Output 
Vee 
4.5 
5.5 
V 


High Level Enable Voltage 
Vn, 
2.0 
Vcc 
V 


Low Level Enable Voltage 
V" 
0 
0.8 
V 


Fan Out (TTL Load) 
N 
8 T 


Operating Temperature 
T" 
0 
70 T 
°C 


Absolute Maximum Ratings 


(No 
Derating 
Required 
up to 
70°C) 


Storage 
Temperature 
-55° C to +125° C 
Operating 
Temperature 
0° C to +70°C 


Lead Solder 
Temperature 
2600 C for 10 s 
(1.6mm 
below 
seating 
plane) 


Forward 
Input 
Current 
- 
IF (see Note 
2) 
20 mA 


Reverse 
Input Voltage 
5 V 
SupplyVoltage-Vcc 
.. 
7V (1 Minute 
Maximum) 


Enable 
Input Voltage 
- VI' 
5.5 V 
(Not to exceed 
Vcc by more 
than 
500 mV) 


Output 
Collector 
Current -10 
25 mA 
Output 
Collector 
Power Dissipation 
40 mW 
Output 
Collector 
Voltage 
- Vo 
. . . . . . .. . . .. 
7 V 


*6.3mA condition 
permits at least 20% CTR degradation 
guardband. 
Initial switching 
threshold 
is SmA or less. 


5-40 


Electrical 
Characteristics 
(Over RecommendedTemperature, TA = O°Cto +70°C, UnlessOtherwise Noted) 


Parameter 
Symbol 
Min. 
Typ." 
Max. 
Units 
Test Conditions 
Figure 
Note 


High Level Output Current 
10H 
20 
250 
/lA 
Vee = 5.5V, Vo = 5.5V. 
2 
IF = 250 /lA, VE= 2.0 V 


Low Level Output Voltage 
VOL 
0.4 
0.6 
V 
Vee = 5.5V, IF = 5 mA 
3,5 
VE= 2.0 V, 
10l (Sinking) = 13 mA 


High Level Supply Current 
leeH 
10 
15 
mA 
Vee = 5.5V, IF = 0, 
VE= 0.5 V 


Low Level Supply Current 
IcC!. 
15 
19 
mA 
Vee = 5.5V, IF = 10 mA, 
VE= 0.5 V 


Low Level Enable Current 
IEl 
-1.4 
-2.0 
mA 
Vee = 5.5 V, VE = 0.5 V 


High Level Enable Current 
IEH 
-1.0 
mA 
Vee = 5.5 V, VE = 2.0V 


High Level Enable VOltage 
VEH 
2.0 
V 
11 


Low Level Enable Voltage 
VEL 
0.8 
V 


Input Forward Voltage 
VF 
1.5 
1.75 
V 
IF = 10 mA, TA = 25·C 
4 


Input Reverse Breakdown 
BVR 
5 
V 
IR = 10 /lA, TA = 25°C 
Voltage 


Input Capacitance 
C1N 
60 
pF 
Vr = 0, f = 1 MHz 


Input Diode Temperature 
':'VF 
-1.6 
mV/oC 
IF = 10 mA 
Coefficient 
':'1." 


Input-Output 
Insulation 
11-0 
1 
/lA 
Relative Humidity = 45% 
3, 12 
Leakage Current 
TA = 25°C, t = 5 S, 
VI-O = 3000 Vdc 


Resistance (Input-Output) 
RI-o 
101• 
n 
VI-O = 500 V 
3 


Capacitance (Input-Output) 
CI-O 
0.6 
pF 
f= 
1 MHz 
3 • 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay Time to 
tPlH 
40 
75 
os 
6 
4 
High Output level 


Propagation Delay Time to 
tPHI. 
40 
75 
ns 
Rl = 350 n 
6 
5 


Low Output Level 
CI. = 15 pF 


Output Rise Time (10-90%) 
tr 
20 
ns 
IF = 7.5 mA 


Output Fall Time (90-10%) 
tl 
30 
ns 


Propagation Delay Time of 
tElH 
25 
ns 
RI = 350 n, CL = 15 pF, 
9 
6 
Enable from VEHto VEL 
IF = 7.5 mA, VEH= 3 V. 
VEL= 0 V 


Propagation 
Delay Time of 
tcHI. 
25 
ns 
RI. = 350 n. Cl. = 15 pF, 
9 
7 
Enable from VEl. to VEH 
IF = 7.5 mA, VEH= 3 V, 
VEl = 0 V 


Common Mode 
CMH 
1000 
10,000 
VI/ls 
VeM= 50 V (peak), 
12 
8,10 
Transient Immunity 
Vo (min.) = 2 V, 


at High Output Level 
Rl. = 350 n, IF = 0 mA 


Common Mode 
CMI. 
-1000 
-10,000 
ViliS 
Vc\l = 50 V (peak). 
12 
9,10 
Transient Immunity 
Vo (max.) = 0.8 V. 


at Low Output Level 
Rl = 350 n. IF = 7.5 mA 


NOTES, 
1. Bypassing 
of the power supply line is required. 
with a 0.01 }iF ceramic 
disc capacitor 
adjacent 
to each 
isolator 
as illustrated 
in Figure 
15. The 
power 
supply 
bus for the isolator(s) 
should 
be separate 
from the bus for 
any active 
loads, 
otherwise 
a larger 
value of bypass 
capacitor 
(up to 0.1 


IJF) may 
be needed to suppress 
regenerative 
feedback 
via the power 
supply. 


2. Peaking 
circuits 
may produce 
transient 
input 
currents 
up to 50 mA, 50 


ns maximum 
pulse width, 
provided 
average 
current 
does not exceed 
20 
mA. 


3. Device considered 
a two terminal 
device: 
pins 1, 2. 3 and 4 shorted 
together, 
and pins 5, 6, 7 and 8 shorted 
together. 


4. The tPI 
H propagation 
delay is measured from the 3.75 mA point on the 
trailing 
edge of the input pulse to the 1.5 V point on the trailing 
edge of 
the output 
pulse. 


5. The tPHL propagation 
delay is measured from the 3.75 mA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output 
pulse. 


6. The tUIi 
enable propagation 
delay is measured from the 1.5 V point on 
the trailing 
edge of the enable 
input 
pulse to the 1.5 V point 
on the 


trailing 
edge of the output 
pulse. 
7. The trill 
enable propagation 
delay is measured from the 1.5 V point on 
the leading 
edge of the enable input pulse to the 1.5 V point on the 
leading 
edge of the output 
pulse. 


8. eMu is the maximum tolerable 
rate of rise of the common mode voltage 


to assure that the output 
will remain 
in a high logic state (i.e., VOl 
J 
>2.0 
V). 


9. eM!. is the maximum 
tolerable 
rate of fall of the common 
mode voltage 


to assure that the output will remain in a low logic state (i.e., VOl 1<0.8 
V). 


10. For sinusoidal 
voltages, 
(ldV<:MI~ 
--- 
= 
lTf( ~IV<:\l(p-p) 


dt 
mil\ 


11. No external pull up is required for a high logic state on the enable input. 


12. This is a proof test to validate the UL 220 Vac rating. 
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Figure 2. 
High Level Output Current 
vs. Temperature. 


Figure 3. 
Low Level Output Voltage 
vs. Temperature. 
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Figure 5. 
Output Voltage vs. Forward 
Input Current. 


Figure 7. 
Propagation Delay vs. 
Temperature. 
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Figure 8. 
Propagation Delay vs. Pulse 
Input Current. 
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Figure 11. Rise, Fall Time vs. 


Temperature. 
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Figure 14. Relative Common Mode 
Transient Immunity vs. 
Temperature. 
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Figure 12. Test Circuit for Common Mode 
Transient Immunity and 
Typical Waveforms. 
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Figure 10. Enable Propagation Delay 
vs. Temperature. 
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Immunity vs. Common 
Mode Transient Amplitude. 


Figure 15. Recommended Printed Circuit 
Board Layout. 
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TECHNICAL 
DATA 
JANUARY 1984 


A 0.01 
TO 0.' 
IlF 
BYPASS 
CAPACITOR 
MUST 
BE CONNECTED 
BETWEEN 


PINS 8 AND 
5 (See Note 
1 I. 


TRUTH 
TABLE 


(Positive 
Logic) 


Input 
Enable 
Output 
-Ii 
H 
L 


L 
H 1 
H 


H 
L 
H 


L 
L 
H 


• 
LINE TERMINATION 
INCLUDED 
- 
NO EXTRA CIRCUITRY 
REQUIRED 


• ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS 


• GUARDBANDED 
FOR LED DEGRADATION 


• LED PROTECTION 
MINIMIZES 
LED EFFICIENCY 
DEGRADATION 


• 
HIGH SPEED - 
10Mbs (LIMITED 
BY TRANSMISSION 
LiNE 


IN MANY APPLICATIONS) 


• 
INTERNAL 
SHIELD 
PROVIDES 
EXCELLENT 
COMMON 
MODE REJECTION 


• EXTERNAL 
BASE 
LEAD 
ALLOWS 
"LED 
PEAKING" 
AND 
LED CURRENT ADJUSTMENT 


• DIELECTRIC 
WITHSTAND 
TESTED AT 3000 Vdc 
FOR A WORKING VOLTAGE OF 220 Vac 


• RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM OF 


UNDERWRITERS 
LABORATORIES, 
INC. (FILE NO. E55361) 


• RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM OF 


VDE, SPECIFICATION 
69A (FILE NO. 6591-S-4880-1001/A131) 


The HCPL-2602 
optically 
coupled 
line receiver combines 
a 
GaAsP light emitting 
diode, 
an input current 
regulator 
and 
an integrated 
high gain photon 
detector. 
The input 
regula- 


tor 
serves 
as 
a 
line 
termination 
for 
line 
receiver 
applications. 
It clamps 
the line voltage 
and regulates 
the 


LED current 
so line reflections 
do not interfere 
with circuit 


performance. 


The 
regulator 
allows 
a typical 
LED 
current 
of 
8.5 
mA 
before 
it starts to shunt 
excess 
current. 
The output 
of the 


detector 
IC is an open collector 
Schottky 
clamped 
transis- 


tor. 
An 
enable 
input 
gates 
the 
detector. 
The 
internal 


detector 
shield 
provides 
a 
guaranteed 
common 
mode 
transient 
immunity 
specification 
of 1000 V/p.sec. 
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• 
Simplex/Multiplex 
Data Transmission 


• 
Computer-Peripheral 
Interface 


• 
Microprocessor 
System 
Interface 


• 
Digital 
Isolation 
for A/D, 
D/A 
Conversion 


• 
Current 
Sensing 


• 
Instrument 
Input/Output 
Isolation 


• 
Ground 
Loop 
Elimination 


• 
Pulse Transformer 
Replacement 


DC specifications 
are defined 
similar 
to TTL 
logic and are 
guaranteed 
from 
0° C to 70° C allowing 
trouble 
free inter- 


facing 
with 
digital 
logic 
circuits. 
An input 
current 
of 5 mA 
will 
sink 
an eight 
gate fan-out 
(TTU 
at the output 
with 
a 
typical 
propagation 
delay 
from 
input 
to output 
of only 45 
nsec. 


The HCPL-2602's 
are useful as line receivers 
in high noise 
environments 
that conventional 
line receivers 
cannot 
tol- 
erate. 
The 
higher 
LED 
threshold 
voltage 
provides 
improved 
immunity 
to differential 
noise and the internally 


shielded 
detector 
provides 
orders 
of magnitude 
improve- 


ment in common 
mode 
rejection 
with 
little or no sacrifice 


in speed. 


CAUTION: 
The small junction 
sizes inherent 
to the design 
of this 
bipolar 
component 
increase 
the component's 
sus- 


ceptibility 
to damange 
from 
electrostatic 
discharge 
(ESD). 


It is advised 
that 
normal 
static 
precautions 
be 
taken 
in 
handling 
and assembly 
of this component 
to prevent 
dam- 
age and/or 
degradation 
which 
may be induced 
by ESD. 


Recommended Operating 
Absolute Maximum Ratings 
Conditions 
Storage 
Temperature 
-55° C to +125° C 


Operating 
Temperature 
O°C to +70° C 


Sym. 
Min. 
Max. 
Unils 
Lead Solder 
Temperature 
260°C 
for 10 s 


Input Current, Low Level 
IlL 
0 
250 
p.A 
(1.6mm 
below 
seating 
plane) 


Input Current. High Level 
IlH 
5 
60 
mA 
Forward 
Input Current 
-I, 
.............. 
60mA 


R.everse Input Current 
........................ 
60mA 


Supply Voltage. Output 
Vn 
4.5 
5.5 
V 
Supply 
Voltage 
~ Vel' 
7V (1 Minute 
Maximum) 


High Level Enable Voltage 
V'II 
20 
Vcc 
V 
Enable 
Input Voltage 
- VE 
5.5V 


Low Level Enable Voltage 
VII 
0 
0.8 
V 
(Not 
to exceed 
Vel' 
by more 
than 
500 mV) 


Fan Out (TTL LOad) 
8 
Output 
Collector 
Current -10 
25mA 


N 
Output 
Collector 
Power 
Dissipation 
40mW 
.......... 


Operating 
Temperature 
T, 
0 
70 
°C 
Output 
Collector 
Voltage 
- Vo 
. . . . . . . . . ... 
7V 


Input 
Current. 
Pin 4 
......................... 
±10mA 


NOTES: 
1. Bypassing 
of the power supply line is required. 
with a 0.01 pF ceramIc 
6. The tl 
I II enable propagation 
delay is measured from the 1.5 V point on 
disc 
capacitor 
adjacent 
to each 
isolator 
as illustrated 
in Figure 
15. The 
the trailing 
edge of the enable input pulse to the 1.5 V point on the 


power supply bus for the isolator(s) 
should be separate from the bus for 
trailing 
edge of the output 
pulse. 


any active 
loads, 
otherwise 
a larger 
value of bypass 
capacitor 
(up to 0.1 
7. The tllli 
enable 
propagation 
delay 
is measured 
from 
the 1.5 V point 
on 
~F) may 
be needed 
to suppress 
regenerative 
feedback 
via the 
power 
the 
leading 
edge 
of the 
enable 
input 
pulse 
to the 
1.5 V point 
on the 
supply. 
leading 
edge of the output 
pulse. 


2. The HCPL-2602 
is tested 
such that operation 
at II minimum 
of 5 mA will 
8. CMI! 
is the maximum 
tolerable 
rate of rise of the common 
mode voltage 


provide 
the 
user 
a minimum 
of 20% guard band 
for 
LED 
light 
output 
to assure 
that 
the output 
will 
remain 
in a high 
logic 
state 
(i.e., VOl I 


degradation. 
>2.0 
V). 


3. 
De\lice 
considered 
a two 
terminal 
device: 
pins 
1, 2, 3 and 
4 shorted 
9. CMr 
is the maximum 
tolerable 
rate of fall of the common 
mode voltage 
together, 
and 
pins 
5, 6, 7 and 8 shorted 
together. 
to assure 
that the output 
will remain 
in a low logic 
state (i.e., VOl· I <0.8 


4. The tl'JIl 
propagation 
delay 
is measured 
from 
the 3.75 mA point 
on the 
V)'.. 
(ldV("I~ 
trailing 
edge of the input 
pulse 
to the 1.5 V point 
on the trailing 
edge of 
10. 
For SinUSOidal voltages, 
--- 
= 1Tk"V( 
\1 (p-p) 
the output 
pulse. 
dt 
Ina\ 


5. The tPHL propagation 
delay 
is measured 
from 
the 3.75 mA point 
on the 
leading 
edge of the input 
pulse 
to the 1.5V point 
on the leading 
edge of 
11. 
No external 
pull up is required 
for a high logic 
state on the enable 
input. 


the output 
pulse. 
12. 
This is a proof 
test to validate 
the UL 220 Vac rating. 
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Figure 4. High Level Outpul Current 
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Figure 5. Low Level Output Voltage 
Figure 6. Test Circuit for IpHL and tpLH' 
Figure 7. Propagation 
Delay vs. 


vs. Temperature. 
Temperature. 
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Parameter 
Symbol 
Min. 
Typ.· 
Max. 
Units 
Test Conditions 
Figure 
Note 


High Level Output Current 
IOH 
20 
250 
p.A 
VCC = 5.5V, Vo = 5.5V 
4 
1,=250 pA, Ve=2.0V 


Low Level Output 
Voltage 
VOL 
0.4 
0.6 
V 
Vcc=5.5V, 
1,=5 mA 
2,5 
2 
Ve=2.0V, 
IoL (Sinking}=13 mA 


Input Voltage 
V, 
2.0 
2.4 
V 
1,=5mA 
3 


2.3 
2.7 
1,=BOmA 
3 


Input Reverse Voltage 
VR 
0.75 
0.95 
V 
IR=5mA 


Low Level Enable Current 
leL 
-1.4 
-2.0 
mA 
Vcc=5.5V, 
Ve=0.5V 


High Level Enable Current 
leH 
-1.0 
mA 
Vcc=5.5V, 
Ve=2.0V 


High Level Enable Voltage 
VeH 
2.0 
V 
11 


Low Level Enable Voltage 
VeL 
0.8 
V 


High Level Supply Current 
ICCH 
10 
15 
mA 
Vcc=5.5V, 
1,=0, 
Ve=0.5V 


Low Level Supply Current 
ICCL 
16 
19 
mA 
Vcc=5.5V, 
1,=60 mA 
Ve=0.5V 


Input Capacitance 
CtN 
90 
pF 
VI=O, f=l 
MHz, 
(PIN 2-3) 


Input·Output 
Insulation 
1,-0 
1 
tJ,A 
Relative Humidity=45% 
3,12 
Leakage Current 
TA =25 
0 C, t=5 s, 
VI_o=3000 
Vdc 


Resistance (Input-Output) 
RI_O 
1012 
Q 
V,_o=500V 
3 


Capacitance (Input-Output) 
CI-O 
0.6 
pF 
f = 1 MHz 
3 


switching Characteristics 
(TA = 25°C, VCC= 5V) 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation Delay Time to 
tpLH 
45 
75 
ns 
6 
4 
High Output 
Level 


Propagation Delay Time to 
tpHL 
45 
75 
ns 
RL=350Q 
6 
5 
Low Output 
Level 
CL = 15 pF 


Output 
Rise Time (10-90%) 
25 
11= 7.5mA 
tr 
ns 


Output 
Fall Time (90-10%) 
tf 
25 
ns 


Propagation Delay Time of 
tELH 
25 
ns 
RL =350Q, CL=15 pF, 
10 
6 
Enable from VeH to VeL 
11=7.5mA, VEH=3 V, 
VEL=OV 


Propagation Delay Time of 
tEHL 
15 
ns 
10 
7 
Enable from VEL to VeH 


Common Mode 
CMH 
1000 
10,000 
V/tJ,s 
VCM=50 V (peak), 
12 
8 
Transient Immunity 
Vo (min.}=2 V, 
at High Output 
Level 
RL=350Q, 1,=0 mA 


Common Mode 
CML 
-1000 
-10,000 
V/p.s 
VCM=50 V (peak), 
12 
9 
Transient Immunity 
Vo lmax.}=0.8 V, 
at Low Output 
Level 
RL=350Q, 
1,=7.5 mA 
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Figure 8. Propagation Delay vs. Pulse 
Input Current. 
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Figure 11. Enable Propagation Delay 
vs. Temperature. 
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Figure 14. Relative Common Mode 
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Temperature. 
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Figure 12. Test Circuit for Common Mode 
Transient Immunity and 
Typical Waveforms. 
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Immunity vs. Common 
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using the HCPL-2602 
Line Receiver optocoupler 


The 
primary 
objectives 
to 
fulfill 
when 
connecting 
an 
optocoupler 
to 
a 
transmission 
line 
are 
to 
provide 
a 
minimum, 
but not excessive, 
LED current 
and to properly 


terminate 
the 
line. 
The 
internal 
regulator 
in the 
HCPL- 


2602 
simplifies 
this 
task. 
Excess 
current 
from 
variable 
drive conditions 
such as line length 
variations, 
line driver 
differences 
and power supply 
fluctuations 
are shunted 
by 


the regulator. 
In fact, with the LED current 
regulated, 
the 


line current 
can be increased 
to improve 
the immunity 
of 
the system 
to differential-mode-noise 
and to enhance 
the 
data rate capability. 
The designer 
must keep in mind the 


60 mA input 
current 
maximum 
rating 
of the HCPL-2602, 


in 
such 
cases, 
and 
may 
need 
to 
use series 
limiting 
or 


shunting 
to prevent 
overstress. 


Design 
of the termination 
circuit 
is also simplified; 
in most 
cases 
the 
transmission 
line 
can 
simply 
be connected 
directly 
to the input 
terminals 
of the HCPL-2602 
without 


the 
need 
for 
additional 
series 
or 
shunt 
resistors. 
If 


reversing 
line drive is used it may be desirable 
to use two 
HCPL-2602's, 
or an external 
Schottky 
diode 
to optimize 


data rate. 


High data rates can be obtained 
with the HCPL-2602 
with 


polarity 
non-reversing 
drive. 
Figure 
(a) illustrates 
how a 
74S140 
line driver 
can be used with 
the HCPL-2602 
and 
shielded, 
twisted 
pair or coax cable without 
any additional 


components. 
There are some reflections 
due to the "active 
termination" 
but 
they 
do 
not 
interfere 
with 
circuit 


performance 
because 
the 
regulator 
clamps 
the 
line 
voltage. 
At longer 
line lengths 
tPLH increases 
faster 
than 


tPHL since the switching 
threshold 
is not exactly 
halfway 
between 
asymptotic 
line conditions. 
If optimum 
data rate 
is desired, 
a series resistor 
and peaking 
capacitor 
can be 
used to equalize 
tpLH and tpHL. In general, 
the peaking 
capacitance 
should 
be as large as possible: 
however, 
if it is 


too large it may keep the regulator 
from achieving 
turn-off 


during 
the 
negative 
(or 
zero) 
excursions 
of the 
input 


signal. 
A safe rule: 


make 
C~ 
16t 
where 
C = peaking 
capacitance 
in picofarads 


t = data bit interval 
in nanoseconds 


A 
single 
HCPL-2602 
can 
also 
be 
used 
with 
polarity 
reversing 
drive 
(Figure 
b). Current 
reversal 
is obtained 
by 
way 
of 
the 
substrate 
isolation 
diode 
(substrate 
to 


collector). 
Some 
reduction 
of data rate occurs, 
however, 


because 
the substrate 
diode 
stores charge, 
which 
must be 
removed 
when 
the 
current 
changes 
to 
the 
forward 


direction. 
The effect of this is a 10ngertpHL' 
This effect can 


be eliminated 
and data rate improved 
considerably 
by use 


of a Schottky 
diode 
on the input 
of the HCPL-2602. 


For optimum 
noise rejection 
as well as balanced 
delays a 


split-phase 
termination 
should 
be used along 
with a flip- 


flop at the output 
(Figure 
c). The result of current 
reversal 
in split-phase 
operation 
is seen in Figure 
(c) with switches 


A and 
B both 
OPEN. 
The 
coupler' 
inputs 
are then 
con- 
nected 
in ANTI-SERIES; 
however, 
because 
of the higher 


steady-state 
termination 
voltage, 
in comparison 
to the 


single 
HCPL-2602 
termination, 
the 
forward 
current 
in 
the 
substrate 
diode 
is 
lower 
and 
consequently 
there 


is 
less 
junction 
charge 
to 
deal 
with 
when 
switching. 


Closing 
switch 
B with 
A open 
is done 
mainly 
to enhance 


common 
mode 
rejection, 
but also 
reduces 
propagation 


delay 
slightly 
because 
line-to-line 
capacitance 
offers 
a 


slight 
peaking 
effect. 
With 
switches 
A 
and 
B 
both 
CLOSED, 
the shield 
acts as a current 
return 
path which 
prevents 
either 
input 
substrate 
diode 
from 
becoming 


reversed 
biased. Thus the data rate is optimized 
as shown 


in Figure 
(c). 


Use of additional 
logic 
at the output 
of two HCPL-2602's 
operated 
in 
the 
split 
phase 
termination, 
will 
greatly 


improve 
system 
noise 
rejection 
in addition 
to balancing 


propagation 
delays 
as discussed 
earlier. 


A NAND 
flip-flop 
offers 
infinite 
common 
mode 
rejection 
(CMR) for NEGATIVEL 
Y sloped 
common 
mode transients 


but requires 
tpHL>tpLH 
for proper 
operation. 
A NOR flip- 
flop 
has infinite 
CMR for POSITIVELY 
sloped 
transients 


but 
requires 
tpHL 
< 
tpLH 
for 
proper 
operation. 
An 
exclusive-OR 
flip-flop 
has infinite 
CMR for common 
mode 


transients 
of 
EITHER 
polarity 
and 
operates 
with 
either 


tpHL> 
tPLH or tpHL <tpLH' 


With the line driver and transmission 
line shown 
in Figure 
(c), tpHL> 
tPLH, so NAND 
gates 
are preferred 
in the R-S 
flip-flop. 
A 
higher 
drive 
amplitude 
or 
different 
circuit 
configuration 
could 
make tPHL <tPLH, in which 
case NOR 
gates would 
be preferred. 
If it is not known 
whether 
tpHL> 


tpLH or tpHL <tpLH' 
or if the drive conditions 
may vary over 


the boundary 
for these conditions, 
the exclusive-OR 
flip- 
flop 
of Figure 
(d) should 
be used. 


Line 
drivers 
designed 
for 
RS-422 
and 
RS-423 
generally 


provide 
adequate 
voltage 
and current 
for 
operating 
the 


HCPL-2602. 
Most 
drivers 
also 
have 
characteristics 


allowing 
the 
HCPL-2602 
to be connected 
directly 
to the 


driver 
terminals. 
Worst 
case 
drive 
conditions, 
however, 


would 
require 
current 
shunting 
to prevent 
overstress 
of 


the HCPL-2602. 
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NAND 
flip flop tolerates 
SImultaneously 
HIGH 
inputs; 
NOR flip flop 


tolerates 
simultaneously 


LOW inputs; 
EXCLUSIVE- 


OR flip flop tolerates 
simultaneously 
HIGH 
OR 
LOW inputs 
without 
causing 
either 
of the 
outputs 
to change. 


Fli;W 
HEWLETT 
~~ 
PACKARD 


NOTE: 
A .01 TO O.l~F BYPASS CAPACITOR 
MUST BE 
CONNECTED 
BETWEEN PINS 8 AND 5. 


Features 
• 
HIGH 
DENSITY 
PACKAGING 


• 
LSTTL/TTL 
COMPATIBLE: 
5V SUPPLY 
• 
ULTRA 
HIGH 
SPEED 


• 
LOW INPUT 
CURRENT 
REQUIRED 


• 
HIGH 
COMMON 
MODE 
REJECTION 


• 
GUARANTEED 
PERFORMANCE 
OVER 
TEMPERATURE 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 


PROGRAM 
OF UNDERWRITERS 


LABORATORIES, 
INC. (FILE NO. E55361) 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 Vdc 


FOR A WORKING 
VOLTAGE 
OF 220 Vac 


Description / Applications 


The 
HCPL-2630 
consists of a pair of inverting 
optica Ily coupled 
gates each with 
a GaAsP photon 
emitting 
diode 
and a unique 
integrated 
detector. 
The photons 
are collected 
in the detector 
by a photodiode 
and then amplified 
by a high gain linear amp- 


lifier 
that 
drives 
a Schottky 
clamped 
open 
collector 
output 
transistor. 
Each circuit 
is temperature, 
current 
and voltage 
com- 
pensated. 


This unique 
dual coupler 
design provides 
maximum 
DC and AC 
circuit 
isolation 
between 
each input and output 
vvhile ach ieving 
LSTTL/TTL 
circuit 
compability. 
The 
coupler 
operational 
parameters 
are guaranteed 
from 
O°C to 70°C, 
such that a min- 


imum 
input 
current 
of 5 mA in each channel will 
sink an eight 


gate fan-out 
(13 mAl 
at the output 
with 
5 volt 
VCC applied 
to 
the 
detector. 
This 
isolation 
and coupling 
is achieved 
with 
a 
typical 
propagation 
delay of 45 nsec. 


The 
HCPL-2630 
can be used in high speed digital 
interface 
ap- 


plications 
where 
common 
mode signals must be rejected 
such 
as for a line receiver and digital 
programming 
of floating 
power 
supplies, 
motors, 
and other 
machine 
control 
systems. The eli- 
mination 
of ground 
loops can be accomplished 
between 
system 


interfaces 
such as between 
a computer 
and a peripheral 
mem- 


ory, printer, 
controller, 
etc. 


The 
open 
collector 
output 
provides 
capability 
for 
bussing, 
strobing 
and "WIRED-OR" 
connection. 
In all applications, 
the 
dual 
channel 
configuration 
allows 
for 
high density 
packaging, 
increased convenience 
and more usable board space. 


DUAL TTl 
COMPATIBLE 
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Recommended 
Operating 
Conditions 


Sym. 
Min. 
Max. 
Units 


Input Current, 
Low Level 
I 
Each Channel 
IFL 
0 
250 
tJ.A 


Input Current, 
High Level 


Each Channel 
IFH 
6.3" 
15 
mA 


Supply 
Voltage, 
Output 
VCC 
4.5 
5.5 1 V 


Fan Out (TTL Load) 
I 


Each Channel 
N 
8 
: 


Operating 
Temperature 
TA 
0 
70 
I 
°c 


Absolute Maximum 
Ratings 


(No derating 
required 
up to 70°C) 


Storage Temperature 
..•.............. 
-55°C 
to +125°C 
Operating 
Temperature 
O°C to +70°C 


Lead Solder Temperature 
260°C for 
10s 


(1.6mm 
below 
seating plane) 


Peak Forward 
Input 
Current 
(each channel) 
..... 
30 mA 
(<;;; 1 msec Duration) 
Average Forward 
Input 
Current 
(each channel) 
..... 
15 mA 


Reverse Input 
Voltage' 
(each channel) 
. . . . . . . . . . . . . . .. 
5V 


Supply 
Voltage 
- Vcc 
7V (1 Minute 
Maximum) 
Output 
Current 
- 10 (each channel) 
16 mA 
Output 
Voltage 
- Vo 
(each channel) 
7V 


Output 
Collector 
Power Dissipation 
60 mW 


*6.3mA 
condition 
permits 
at least 20% 
eTR 
degradation 
guardband. 


Initial 
switching 
threshold 
is 5mA 
or less. 


:Iectrical Characteristics 
OVER RECOMMENDED 
TEMPERATURE 
(TA = O°C TO 70°C) UNLESS OTHERWISE 
NOTED 


Parameter 
Symbol 
Min. 
Typ.* 
Max. 
Units 
Test Conditions 
Figure 
Note 


High Level Output 
Current 
10H 
2 
250 
pA 
Vcc=5.5V, 
Vo = 5.5V, 
3 


IF "'250pA 


Low Level Output 
Voltage 
VOL 
0.5 
0.6 
V 
VCC '" 5.5V,IF 
= SmA 
3 
3 


10L (Sinking}" 
13mA 


High Level Supply 
Current 
ICCH 
14 
30 
mA 
VCC = 5.5V, IF'" 0 
(Both Channels) 


Low Level Supply 
fCCl. 
26 
36 
mA 
VCC'" 5.5V, IF '" lOmA 
(Both Channels} 
IInput - Output 
11_0 
1.0 
j.lA 
Re.lative Humidity 
= 45% 
4,9 
•Insulation 
Leakage Current 
TA'" 25°C, t =5s, 
VI~a 
"'3000Vdc 


Resistance 
(Input-Output) 
RI.O 
1012 
n 
VI-a" 
500V, TA·'" 25"C 
4 


Capacitance 
(Input-Output! 
CI-a 
0.6 
pF 
f= 
lMHz, TA " 25"C 
4 


Input 
Forward 
Voltage 
VF 
1.5 
1.75 
V 
IF "'10mA, 
TA= 25"C 
4 
7,3 


Input 
Reverse Breakdown 
BVfl 
5 
V 
IR" 
10pA,TA 
"'25"C 
Voltage 


Input Capacitance 
CIN 
60 
pF 
VF "O,f= 
lMHz 
3 


Input-Input 
Insulation 
II.' 
. 
0.005 
/).A 
Relative HUmidity" 
45%, 
8 
Leakage Current 
t=55, VI.I"'500V 


.Resistance 
(Input·lnput! 
RH 
101 I 
n 
VI_I" 500V 
8 


Capacitance 
(lnput·lnput! 
CI.I 
0.25 
pF 
f = 1MHz 
8 


Current 
Transfer 
Ratio 
CTR 
700 
% 
IF" 
5.0mA, 
RL " lOOn 
2 
6 • 


;witching Characteristics at TA=25°C, Vcc= 5V 


~ACH CHANNEL 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay Time to 
tpLH 
45 
75 
ns 
RL'" 
350 n, CL = 15pF, 
6,7 
1 
High Output 
Level 
IF'" 
7.5mA 


Propagation 
Delay Time to 
tpHL 
45 
75 
ns 
RL '" 350n, 
CL = 15pF, 
6,7 
2 
Low Output 
Level 
IF "7.5mA 


Output 
Rise Time /10-90%! 
tr 
20 
ns 
RL = 350 n, CL "" 15pF, 
Output 
Fall Time (90-10%) 
tf 
30 
ns 
lF " 7.SmA 
Common 
Mode Transient 
CMH 
50 
Vlj.ls 
VCM '" 10Vp_p, 
9 
5 
Immunity 
at High Output 
Level 
RL = 350n, 


Va 
(min.} '" 2V, IF= 
OmA 


Common 
Mode Transient 
CML 
-150 
V/j.ls 
VCM '" 10Vp_p, 
9 
5 
Immunity 
at Low Output 
Level 
RL" 
350n, 


Vo 
(max.!" 
0.8V 


IF " 7.5mA 


NOTE: 
It is essential that a bypass capacitor 
1.01/lF to 0.1 /IF, ceramic) be connected 
from pin 8 to pin 5. T"tal lead length between both 


ends of 
the 
capacitor 
and 
the 
isolator 
pins should 
not exceed 
20mm. 
Failure 
to provide 
the bypass may 
impair 
the switching 
prop- 
erties (Figure 5). 


n 
a 
Ing eC1ge-of the input 
pulse to the 
1.5V 
point 
on the 
leading edge of the output 
pulse. 


3. 
Each channel. 


4. 
Measured between pins 1, 2, 3, and 4 shorted together, 
and pins 5, 6, 


7, and 8 shorted together. 


5. 
Common 
mode transient 
immunity 
in Logic High level is the maxi- 


mum tolerable 
(positive) 
dV CM/dt 
on the leading edge of the com- 


mon 
mode pulse, 
VCM. 
to assure that 
the output 
will 
remain 
in a 


Logic High state O.e., VO>2.0VI. 
Common mode transient 
immunity 
in Logic Low level is the maximum 
tolerable 
(negative) dVCM/dt 
on 


the trailing 
edge of the common 
mode pulse signal, VCM, to assure 


that 
the output 
will 
remain 
in a Logic 
Low state O.e., VO<.0.8V). 


6. 
DC Current 
Transfer 
Ratio is defined 
as the ratio of the output 
col- 
lector current 
to the forward 
bias input current 
times 100%. 


7. 
At 
10mA 
VF 
decreases with 
increasing temperature 
at the rate of 
1.6mVrC. 
8. 
Measured between 
pins 1 and 2 shorted together, 
and pins 3 and 4 


shorted together. 


9. This is a proof test to validate the UL 220 Vac rating. 
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Figure 7. 
Propagation 
Delay, tPHL and tPLH 
vs. Pulse Input 
Current,IFH. 
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NOTE: 
A .01 TO O.l,uF 
BYPASS 
CAPACITOR 
MUST 
BE 
CONNECTED 
BETWEEN 
PINS 8 AND 
5. see NOTE 
1. 


Figure 1. Schematic 
Features 
• 
INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION (CMR) 
• 
HIGH DENSITY PACKAGING 


• 
HIGH SPEED 


• 
LSTTL AND TTL COMPATIBLE 


• 
GUARANTEED MINIMUM COMMON MODE 
TRANSIENT IMMUNITY: 1000 VII'S 
• 
GUARANTEED PERFORMANCE OVER 
TEMPERATURE O°C to 70°C 
• 
DIELECTRIC WITHSTAND TESTED AT 3000 
Vdc FOR A WORKING VOLTAGE OF 220 Vac 


• 
RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES INC. (FILE NO. E55361) 


Applications 


• 
ISOLATION OF HIGH SPEED LOGIC SYSTEMS 
• 
MICROPROCESSOR SYSTEM INTERFACES 
• 
ISOLATED LINE RECEIVER 
• 
COMPUTER-PERIPHERAL INTERFACES 


• 
GROUND LOOP ELIMINATION 


The 
HCPL-2631 
is a dual 
channel 
optically 
coupled 
logic 
gate 
that 
combines 
GaAsP 
light 
emitting 
diodes 
and 


integrated 
high 
gain 
photodetectors. 
Internal 
shields 
provide 
a guaranteed 
common 
mode 
transient 
immunity 


specification 
of 
1000 V/j.Ls. The 
unique 
design 
provides 
maximum 
DC 
and 
AC 
circuit 
isolation 
while 
achieving 
LSTTL 
and TTL 
logic 
compatibility. 
The logic 
isolation 
is 
achieved 
with 
a typical 
propagation 
delay 
of 40 nsec. The 
dual 
channel 
design 
saves space 
and results 
in increased 
convenience. 


The 
HCPL-2631 
is 
recommended 
for 
high 
speed 
logic 
interfacing, 
inpuVoutput 
buffering 
and 
for 
use 
as 
line 
receivers 
in environments 
that 
conventional 
line receivers 
cannot 
tolerate. 
The 
HCPL-2631 
can 
be 
used 
for 
the 
digital 
programming 
of machine 
control 
systems, 
motors, 


OUTLINE DRAWING' 
_~(.370)_ 
990 (.3901 
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0:33Ciii3l. 


"T 
• 
TYPE NUMBER 
DATE CODE 
6.10 (.24O) 
7.36 (.290) 6.6ii (.2601 
mCilOl 
UL 


PIN , 
2 
3 
4 
RECOGNITION, 
-,- 


ONE 
I 
II - 
-1.781.0701 
MAX. 


.•...•• 
~ 
1 19/.0471 
MAX. 


ml- T 
ANODE,l 


t 4701.185) MAX 


I I 
I 
I 
~_i 
CATHODE, 
2 
I ~05'(.020} 


I 
,MIN 
CATHODE 2: 


,-1 - 
II 
L 
2921.1151 
MIN. 
~ 
{,0301 
1 ----0.65 
(.025) MAX. 
ANODE2 4 


'40 '.055} -f..- ~:::~: 


DIMENSIONS IN MILUMETRES AND UNCHES}. 


and floating 
power 
supplies. 
The internal 
shield 
makes the 


HCPL-2631 
ideal 
for 
use ·in extremely 
high 
ground 
or 


induced 
noise environments. 


Recommended operating 
Conditions 


Sym. 
Min. 
Max. 
Units 


Input 
Current, 
Low Level 
Each Channel 
IFL 
0 
250 
j.LA 


Input 
Current, 
High Level 
Each Channel 
IFH 
6.3' 
15 
mA 


Supply 
VoltaQe, Outout 
Vcc 
4.5 
5.5 
V 
Fan Out ITTL Load) 
Each Channel 
N 
8 


Operating 
Temperature 
TA 
0 
70 
°C 


Absolute Maximum Ratings 


(No derating 
required 
up to 70°C) 


Storage 
Temperature 
--55°C to +125°C 
Operating 
Temperature 
O°C to +70°C 


Lead Solder 
Temperature 
260°C 
for 10s 


(1.6 mm below seating 
plane) 


Average 
Forward 


Input 
Current 
(each channell 
15 mA (See Note 21 


Reverse Input Voltage 
leach channell 
5 V 
Supply 
Voltage 
- 
Vcc 
7 V 11 Minute 
Maximum) 


Output 
Current 
- 
10 (each channell 
16 mA 
Output 
Voltage 
- 
Vo (each channell 
.......•....... 
7 V 


Output 
Collector 
Power 
Dissipation 


leach channell 
40 mW 


Parameter 
Symbol 
Min. 
Typ.· 
Max. 
Units 
Test Conditions 
Figure 
Note 


Low Level Output Voltage 
VOL 
0.4 
0.6 
V 
VCC= 5.5V, IF= 5 mA 
2,3 
3 
10L<Sinking) = 13 mA 


High Level Output Current 
10H 
20 
250 
li-A 
Vcc = 5.5V, Vo = 5.5 V, 
4 
3 
IF= 250 li-A 


High Level Supply Current 
ICCH 
20 
30 
mA 
VCC= 5.5V, IF= 0, 
(Both Channelsl 


Low Level Supply Current 
ICCL 
30 
38 
mA 
Vcc = 5.5V, IF= 10 mA, 
(Both Channels) 


Input Forward Voltage 
VF 
1.5 
1.75 
V 
IF= 10 mA, TA = 25°C 
5 
3 


Input Reverse Breakdown 
BVR 
5 
V 
IR= 10 li-A, TA = 25°C 
3 
Voltage 


Input Capacitance 
CIN 
60 
pF 
VF=O, f= 1 MHz 
3 


Input Diode Temperature 
J.VF 
-1.6 
mVioC 
IF= 10 mA 
Coefficient 
J.TA 


Input-Output 
Leakage 
Relative Humidity = 45% 
Current 
11-0 
1 
J.lA 
TA = 25°C, t = 5 s, 
4,5 
VI-O = 3000 V dc 


Input-Input 
Leakage 
Relative Humidity = 45% 
, 


II-I 
0.005 
li-A 
, 
6 
Current 
t = 5 S, VI-I = 500 V 


Resistance <lnpuHnputl 
RI-! 
1011 
!l 
VI_I= 500 V 
6 
Capacitance <lnpuHnputl 
CI-! 
0.25 
pF 
f= 1 MHz 


Resistance <lnput-Outputl 
Rt-O 
1012 
n 
VI-D = 500 V 
4 
Capacitance <lnput-Outputl 
CI-O 
0.6 
pF 
f= 
1 MHz 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Propagation 
Delay Time to 
tPLH 
40 
75 
ns 
6 
3, 7 
High Output Level 


Propagation 
Delay Time to 
RL = 350n 


Low Output Level 
tPHL 
40 
75 
ns 
CL = 15 pF 
6 
3,8 


Output Rise Time <10-90%) 
tr 
20 
ns 
IF = 7.5 mA 
3 


Output Fall Time (90-10%) 
tf 
30 
ns 
3 


Common Mode 
VCM= 50 V (peak). 
Transient Immunity 
CMH 
1000 
10,000 
Vlli-s 
Vo (minJ = 2 V, 
10 
3.9,11 
at High Output Level 
RL = 350 n, IF = 0 mA 


Common Mode 
VCM= 50 V (peak), 
Transient Immunity 
CML 
-1000 
-10,000 
V/li-s 
Va (maxJ = 0.8 V, 
10 
3.10.11 
at Low Output Level 
RL = 350 n, IF=7.5 
mA 


• 


NOTES: 
1. Bypassing of the power supply line is required, with a 0.01 
!,F ceramic disc capacitor adjacent to each isolator as illus- 
trated in Figure 14. Total lead length between both ends of 
the capacitor 
and the isolator 
pins should 
not exceed 20 
mm. The power supply 
bus for the isolator(s) should 
be 
separate 
from 
the bus for any active 
loads, otherwise 
a 


larger 
value of bypass capacitor 
(up to 0.1 !,FI may be 
needed to suppress 
regenerative 
feedback 
via the power 
supply. Failure to provide the bypass may impair the switch- 
ing properties. 


2. Peaking circuits may produce transient input currents up to 
50 mA, 50 ns maximum pulse width, provided average cur- 
rent does not exceed 15 mA. 


3. Each channel. 
4. Measured between pins 1, 2, 3, and 4 shorted together, and 
pins 5, 6, 7, and 8 shorted together. 
5. This is a proof test. 
6. Measured between pins 1 and 2 shorted together, and pins 3 
and 4 shorted together. 


7. The tPLH propagation 
delay is measured from the 3.75 mA 
point on the trailing 
edge of the input 
pulse to the 1.5 V 
point on the trailing edge of the output pulse. 


8. The tPHL propagation 
delay is measured from the 3.75 mA 


point on the leading edge of the input pulse to the 1.5 V 
point on the leading edge of the output pulse. 


9. CMH is the maximum tolerable 
rate of rise of the common 
mode voltage to assure that the output will remain in a high 
logic state (i.e., VOUT> 2.0 VI. 


10.CML is the maximum tolerable 
rate of fall of the common 
mode voltage to assure that the output will remain in a low 
logic state li.e., VOUT> 0.8 VI. 


11.For sinusoidal voltages, ( ~~~MI ) 
= "fCMVCMIp-pl 


max 


12.As illustrated 
in Figure 14, the Vcc and GND traces can be 
located 
between 
the input 
and the output 
leads of the 


HCPL-2631 
to 
provide 
additional 
noise 
immunity 
at the 
compromise of insulation capability. 
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Figure 6. 
Test Circuit for tpHL and 
tpLH. Note 3 


i 
40 
Vcc 
i• 5.5~ 
I 
I- 


301\ 


Vo • 5.5V - 
ffi 
cr 


'" 
• 250.A 
cr 
:0 
() 
'\. 
I-~ 
l- 
i'... 
:00~ 
20 
w 
...........•.... 
; 


:I: 
......•....••..•..••.. 


"J: 
10 
I 
:I: 
.9 
0 
10 
20 
30 
40 
50 
60 
70 


T,6,-TEMPERATURE 
-"C 


Figure 4. 
High Level Output Current 
vs. Temperature 
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Figure 11. 
Common Mode Transient 
Immunity vs. Common Mode 
Transient Amplitude 
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Figure 13. 
Relative Common Mode Transient 
Immunity vs. Temperature 
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Figure 10. 
Test Circuit for Common 
Mode Transient Immunity 
and Typical Waveforms. Note 3 
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Features 


• 
HIGH 
CURRENT 
TRANSFER 
RATIO 
- 
800% TYPICAL 
• 
LOW 
INPUT 
CURRENT 
REQUIREMENT 
- 
0.5 mA 
• 
TTL 
COMPATIBLE 
OUTPUT 
- 
0.1 V VOL TYPICAL 
• 
HIGH 
COMMON 
MODE 
REJECTION 
- 
500 V/,.,.s 
• 
PERFORMANCE 
GUARANTEED 
OVER 
TEMPERA- 
TURE 
O· C to 70· C 


• 
BASE 
ACCESS 
ALLOWS 
GAIN 
BANDWIDTH 
ADJUSTMENT 


• 
HIGH 
OUTPUT 
CURRENT 
- 
60 mA 
• 
lOOK BITS/SEC 
TYPICAL 
SPEED 
AT IF = 0.5 mA 
• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 Vdc 
FOR A WORKING 
VOLTAGE 
OF 220 Vac 
• 
RECOGNIZED 
UNDER 
THE 
COMPONENT 
PRO- 
GRAM 
OF UNDERWRITERS 
LABORATORIES, 
INC. 
(FILE 
NO. E55361) 


These 
high 
gain 
series 
couplers 
use 
a 
Light 
Emitting 
Diode 
and an integrated 
high 
gain photon 
detector 
to pro- 


vide 
extremely 
high 
current 
transfer 
ratio 
between 
input 
and 
output. 
Separate 
pins 
for the 
photodiode 
and 
output 
stage 
result 
in 
TTL 
compatible 
saturation 
voltages 
and 
high 
speed 
operation. 
Where 
desired 
the Vcc 
and Vo ter- 
minals 
may 
be 
tied 
together 
to 
achieve 
conventional 
photodarlington 
operation. 
A base access 
terminal 
allows 
a gain bandwidth 
adjustment 
to be made. 


The 
6N139 
is suitable 
for 
use 
in CMOS. 
LSTTL 
or other 
low 
power 
applications. 
A 400% minimum 
current 
transfer 
ratio 
is guaranteed 
over a 0-70· C operating 
range 
for only 
0.5 mA of LED current. 


The 6N138 
is suitable 
for 
use mainly 
in TTL 
applications. 


Current 
Transfer 
Ratio 
is 300% 
minimum 
over 0-70·C 
for 
an LED current 
of 1.6 mA [1 TTL 
unit 
load IU.Uj. 
A 300% 
minimum 
CTR enables 
operation 
with 
1 U.L. in. 1 U.L. out 
with 
a 2.2 kO pull-up 
resistor. 


TECHNICAL DATA 
JANUARY 1984 


SCHEMATIC 


ANOOE3 


2 


" 
+ 
v, 
-:::;. 


CATHODE 
- 
3 


• 
Ground 
Isolate 
Most 
Logic 
Families 
- 
TTLITTL, 
CMOS/ 


TTL, 
CMOS/CMOS, 
LSTTLITTL, 
CMOS/LSTTL 


• 
Low 
Input 
Current 
Line 
Receiver - 
Long 
Line or Party line 


• 
EIA 
R5-232C 
Line 
Receiver 


• 
Telephone 
Ring 
Detector 


• 
117 V ac Line 
Voltage 
Status 
Indicator 
- 
Low 
Input 
Power 


Dissipation 


• 
Low 
Power Systems 
- 
Ground 
Isolation 


Absolute Maximum Ratings· 


Storage 
Temperature 
_55°C 
to +125°C 


Operating 
Temperature. 
. . . . . . . . . . . . . .. 
O°C to +70°C 


Lead Solder 
Temperature. 
. . . . . . . . . .. 
260°C 
for 
10s 


(1.6mm 
below 
seating plane) 


Average 
InputCurrent-IF 
20mA 
[1) 


Peak Input 
Current 
- 
IF. 
. . . . . . . . . . . . . . . . . .. 
40mA 


(50% duty 
cycle, 
1 ms pulse width) 


Peak Transient 
Input 
Current 
- 
IF. 
. . . . . . . . . . . .. 
1.0A 
(,,;; l;.Ls pulse width, 
300 pps) 


Reverse Input 
Voltage 
- 
VR 
5V 


Input 
Power 
Dissipation. 
. . . . . . . . . . . • . . .. 
35mW 
(2) 


Output 
Current 
- 
10 (Pin 6) 
60mA 
(3) 


Emitter-Base 
Reverse Voltage 
(Pin 5·7) 
0.5V 


Supply 
and 
Output 
Voltage 
- 
Vcc 
(Pin 
8·5), 
Vo (Pin 
6·5) 


6N 138 
-0.5 
to 7V 


6N139 
-0.5 
to 18V 


Output 
Power 
Dissipation 
100mW 
[4J 


See notes, following page. 


CA UTION: 
The small junction sizes inherent to the design of this 


bipolar component 
increases the component's 
susceptibility 
to 


damage from electrostatic 
discharge 
(ESD). It is advised that 


normal static precautions 
be taken in handling and assembly of 
this component to prevent damage and/or degradation which may 
be induced by ESD. 


'JEDEC 
Registered Data. 


Electrical Specifications 
OVER 
RECOMMENDED 
TEMPERATURE 
(TA = O°C to 70°Cl, 
UNLESS OTHERWISE 
SPECIFIED 


Parameter 
Sym. 
Device 
Min. 
Typ.·- 
Max. 
Units 
Test Conditions 
Fig. 
Note 


6N139 
400 
800 
% 
IF = 0.5mA, Vo = 0.4V. VCC= 4.5V 
Current Transfer Ratio 
CTR' 
500 
900 
IF = 1.6mA, Vo = O.4V, VCC=4.5V 
3 
5,6 


6N138 
300 
600 
% 
IF = 1.6mA, Vo = 0.4V, VCC=4.5V 


0.1 
0.4 
IF = 1.6mA, 10 = 6.4mA, VCC=4.5V 
Logic Low 
VOL 
6N139 
0.1 
0.4 
V 
IF = 5mA, 10 = 15mA. VCC= 4.5V 
1,2 
6 
Output Voltage 
0.2 
0.4 
'F = 12mA. 10 = 24mA, VCC= 4.5V 
6N138 
0.1 
0.4 
V 
IF = 1.6mA,10 = 4.8mA, VCC= 4.5V 


Logic High 
lOH" 
6N139 
0.05 
100 
pA 
IF = OmA, Vo - VCC= 18V 
6 
Output Current 
6N138 
0.1 
250 
pA 
IF = OmA, Vo = VCC= 7V 


Logic Low 
ICCL 
0.2 
mA 
IF = 1.6mA, Vo = Open, VCC= 5V 
6 
Supply Current 


Logic High 
ICCH 
10 
nA 
IF = OmA, Vo = Open, VCC= 5V 
6 
Supply Current 


Input Forward Voltage 
VF' 
1.4 
1.7 
V 
IF = 1.6mA, TA = 25°C 
4 


Input Reverse 
BVR' 
5 
V 
IR = 10pA, TA=25"C 
Breakdown Voltage 


Temperature 
Coefficient 
AVF 
-1.8 
mvfC 
IF = 1.6mA 
of Forward Voltage 
ITA 


Input Capacitance 
CIN 
60 
pF 
f = 1MHz, VF = 0 


Input - Output 
45% Relative Humidity, TA = 25°C 
Insulation Leakage 
1,·0" 
1.0 
pA 
t = 5 s, VI_O = 3OO0Vdc 
7,11 


Current 


Resistance 
RI·O 
1011 
!1 
V,.o = 500Vdc 
7 
(lnput·Outputl 


Capacitance 
CI·O 
0.6 
pF 
f=lMHz 
7 
(lnput·Outputl 
• 
Switching Specifications 


AT TA= 25°C 


Parameter 
Sym. 
Device 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
NOle 


Propagation Delay Time 
- 
-- 
5 
25 
IF = 0.5mA, RL - 4.7k!1 
6N139 
ps 
To Logic Low at Output 
IPHL' 
0.2 
1 
IF = 12mA, RL = 270!1 
9 
6,8 
6N138 
1 
10 
/lS 
IF - 1.6mA. RL = 2.2k!1 


6N139 
5 
60 
'F = 0.5mA. RL = 4.7kn 
Propagation 
Delay 
Time 
tPLH' 
1 
7 
/lS 
IF = 12mA. RL = 270n 
9 
6,8 
To LogiCHigh at Output 
6N138 
4 
35 
/lS 
IF = 1.omA, RL - 2.2kn 


Common 
Mode 
Transient 
IF = OmA,RL = 2.2kn, RCC = 0 
Immunity at Logic High 
CMH 
500 
VII'S 
Ivcml= 10Vp-p 
10 
9,10 
Level Output 


Common 
Mode 
Transient 
IF = 1.6mA,RL = 2.2krl,RCC=0 
Immunity 
at logic 
Low 
CML 
-500 
VI/ls 
IVcml= 10Vp.p 
10 
9,10 
Level Output 


NOTES: 


1. 
Derate 
linearly 
above 
50°C 
free-air 
temperature 
at a rate of O.4mAfC. 


2. 
Derate 
linearly 
above 
50°C 
free-air 
temperature 
at a rate of O.7mWfC. 


3. 
Derate 
linearly 
above 
25°C 
fre~air 
temperature 
at a rate of O.7mAfC. 


4. 
Derate 
linearly 
above 2SoC fre~air 
temperature 
at a rate of 2.0mWfC. 
5. DC CURRENT TRANSFER RATIO is defined asthe ratio of output collector current, 10. to the forward LED input current, IF. times 100%. 
6. Pin 7 Open. 


7. 
Device 
considered 
a two-terminal 
device: 
Pins 1, 2, 3, and 4 shorted 
together 
and Pins 5, 6, 7, and 8 shorted 
together. 


8. 
Use of a resistor 
between 
pin 
5 and 7 will 
decrease 
gain and delay 
time. 
See Application 
Note 
951-1 
for more 
details. 


9. 
Common 
mode tra~sient 
immunity 
in Logic 
High 
level is the maximum 
tolerable 
(positive) 
dVcm/dt 
on' the leading 
edge of the common 
mode 
pulse, 
V cm, to assure that 
the output 
will 
remain 
in a Logic 
High 
state 
(Le., 
Vo > 2.QVI. 
Common 
mode 
transient 
immunity 
in Logic 
Low 
level 
is the maximum 
tolerable 
(negative) 
dVcm/dt 
on the trailing 
edge of the common 
mode 
pulse signal, 
Vcm, 
to assure that 
the output 
will 
remain 
in a Logic Low state (i.e., Vo < a.8V!. 


10. 
In applications 
where 
dV/dt 
may 
exceed 
50,OOOV/JJS (such as static discharge) 
a series resistor. 
RCC, 
should 
be included 
to protect 


the detector 
IC from 
destructively 
high surge currents. 
The 
recommended 
value 
is R::::: 
1V 
kn. 
11. ThISis a proof testto validatethe UL220VacratIng. 
CC 
0.15 IF (mAl 
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Vo 
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5V 
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-=- 
-=- 
'0% 


If 


'F 


VCM 


10VU:f[0% 
90%}0% 


t •. tj 
'" 16ns 


~ 


OV 
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If 


A 
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~ 
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SWITCH 
AT A: 
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VFF 


Vo 
~VOL 


SWITCH 
AT B: IF = 1.6 mA 


Flin- HEWLETT 
a:e. PACKARD 


DUAL LOW INPUT 
CURRENT, HIGH GAIN 
OPTOCOUPLERS 


HCPl-2730 
HCPl-2731 


I_~ 
~ 
_' 
OUTLINEDRAWING 
018 (.0071 


9.90(.3901 
S 
- 
[Lo.3!rml ~ 
. 
- 


TYPE 
NUMBER 
l 


OATECOOE 
~81Q) 
. 
HIH;6.60 
1.2601 


~iCOGNlTl0N. 
L 
5 
TYP. 
PIN 1 
2 
3 
4 
-- 


ONE. 
-t 
"--1.781.0701 
MAx' 
7' 
-I 1- 
1.19 (.0A7! MAX. 
01MENSJONS IN M'UIMETRES 
AND (INCHES). 


~ 


" 
I 
ANOOEl31BVce 
4701.185) 
MAX. 
: 
, 
I 
I 
"=--t.. 
CATHODE 1 2 
7 VOl 
I' 
,.1 
I 
lOSt 
(.0~01 
CATHODE' 
3 
6 V 
I 
MIN, 
.0; 
'. 
02 
,. 
r-" 
- 
2.92 1.115tMIN ANODE2 4 
5 GND 
0.761.030, 
--0.65 
(.025}MAX 


UO00) 
--I-- ~ ~ 
2.80 {.1101 


• HIGH CURRENT TRANSFER RATIO - 
1000% TYPICAL 
• LOW INPUT CURRENT REQUIREMENT - 
0.5 mA 
• LOW OUTPUT SATURATION 
VOLTAGE - 
0.1V TYPICAL 
• HIGH DENSITY PACKAGING 
• DIELECTRIC WITHSTAND TESTED AT 3000 V dc FOR A 
WORKING VOLTAGE OF 220 Vac 
• PERFORMANCE GUARANTEED 
OVER O°C TO 70°C 
TEMPERATURE 
RANGE 
• HIGH COMMON MODE REJECTION 
• DATA RATES UP TO 200K BIT/s 
• 
LSTTL COMPATIBLE 
• RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM OF 
UNDERWRITERS LABORATORIES, 
INC. (FILE NO. E55361). 


• Digital Logic Ground Isolation 


• Telephone Ring Detector 


• EIA RS-232C Line Receiver 


• Low Input Current Line Receiver - 
Long Line or Party Line 


• Microprocessor 
Bus Isolation 


• Current Loop Receiver 


• Polarity Sensing 


• Level Shilting 


• Line Voltage Status Indicator 
- 
Low input Power Dissipation 


The HCPL-2730/31 
dual channel 
couplers 
contain 
a separated 
pair of GaAsP 
light 
emitting 
diodes 
optically 
coupled 
to a 
pair of integrated 
high 
gain photon 
detectors. 
They 
provide 
extremely 
high current 
transfer 
ratio, 3000V dc withstand 
test 
voltage 
and excellent 
input-output 
common 
mode 
transient 
immunity. 
A separate 
pin for the photodiodes 
and first 
gain 
stages (Vcc) permits 
lower output 
saturation 
voltage 
and higher 
speed operation 
than possible 
with conventional 
photodar- 
lington 
type isolators. 
In addition 
Vcc may be as low as 1.6V without 
adversely 
affecting 
the parametric 
performance. 


Guaranteed 
operation 
at low input 
currents 
and the high current 
transfer 
ratio 
(CTR) reduce 
the magnitude 
and effects 
of 
CTR 
degradation. 


The outstanding 
high temperature 
performance 
of this split 
Darlington 
type output 
amplifier 
results 
from the inclusion 
of 
an integrated 
emitter-base 
bypass 
resistor 
which 
shunts 
photodiode 
and first 
stage 
leakage 
currents 
to ground. 


The HCPL-2731 
has a 400% minimum 
CTR at an input 
current 
of only 
0.5 mA making 
it ideal for use in low input 
current 
applications 
such 
as MOS, CMOS 
and low power 
logic 
interfacing 
or RS232C data transmission 
systems. 
In addition, 
the 


high 
CTR 
and high 
output 
current 
capability 
make this 
device 
extremely 
useful 
in applications 
where 
a high 
fanout 
is 


required. 
Compatibility 
with 
high voltage 
CMOS 
logic 
systems 
is guaranteed 
by the 18V Vcc 
and Vo specifications 
and by 


testing 
output 
high 
leakage 
(loHl 
at 18V. 


The HCPL-2730 
is specified 
at an input 
current 
of 1.6 mA and has a 7V Vcc and Vo rating. 
The 300% minimum 
CTR allows 


TTL 
to TTL 
interfacing 
with 
an input 
current 
of only 
1.6 mA. 


Important 
specificiltions 
such as CTR, leakage 
current 
and output 
saturation 
voltage 
are guaranteed 
overthe 
O°C to 70°C 
temperature 
range 
to allow 
trouble-free 
system 
operation. 


Electrical Specifications 
(Over Recommended 
Temperature 
TA = Doe to lDoe, Unless Otherwise 
Specified) 


Device 
Max. 
Units 
Test Conditions 
Fig. 
Note 
Parameter 
Sym. 
HCPL· 
Min. 
Typ." 


2731 
4w 
1000 


% 
IF - 0.5mA, Vo 
-0.4V, 
Vcc-4.5V 
2 
CUrrent 
Transfer 
Ratio 
CTR 
500 
1100 
IF~I.6mA,Vo 
·0.4V,VCC~4.5V 
6,7 


2730 
300 
1000 
% 
IF -1.6mA, 
Vo 
=O.4V, 
Vcc' 
4.5V 
2 


0.1 
0.4 
IF -1.6mA, 
10 = SmA, Vcc -4.5V 


Logic 
low 
2731 
0.1 
0.4 
V 
IF • 5mA, 10 - 15mA, Vcc • 4.5V 
1 
6 
Output 
Voltage 
VOL 
0.2 
0.4 
IF - 12mA.lo - 24mA, Vcc = 4.5V 


2730 
0.1 
0.4 
V 
IF • 1.6mA, '0 • 4.8mA, Vcc• 
4.5V 


Logic High 
2731 
0.005 
100 
IlA 
IF =OmA, 
Vo' 
Vcc=18V 
6 
Output Current 
10H 
2730 
0.01 
250 
IlA 
IF =OmA, Vo =Vcc=7V 


Logic Low 
2731 
1.2 
IF! "'F2 = 1.6mA 
Vcc -18V 
ICCL 
mA 
Supply Current 
2730 
0.9 
VOl -V02 =Opon 
VCC=7V 


Logic High 
2731 
5 
IF' 'IF2=OmA 
Vcc'18V 
ICCH 
nA 
Supply Current 
2730 
4 
Vo, = V02 - Opon 
VCC= 7V 


Input 
Forward 
Voltage 
VF 
I 
1.4 
1.7 
V 
IF ·1.6mA, TA • 25°C 
4 
6 


Input 
Reverse 
Breakdown 
i 


IR-l0IlA, 
TA=25°C 
Voltage 
8VR 
5 
: 
V 
6 


Temperature Coefficient 
':>VF 
-1.8 
mV/oC 
IF -1.6mA 
6 
of Forward Voltage 
.:>TA 
Input Capacitance 
CIN 
60 
pI' 
f= 1MHz, VF-O 
6 


Input.()utput 
Insulation 
I,.Q 
1.0 
JJA 
46% Relat,ve Humidity, TA ., 25°C 


Leakage Current 
t - 5., VK> = 3000Vdc 
8,12 


Resistance 
R,.Q 
10'2 
(Input.()utput) 
U 
V,.o 
- 600Vdc 
8 


Capacitance 
C'.Q 
0.6 
pI' 
f -I 
MHz 
(InpUt.()utputl 
B 


Input-Input 
I,., 
0.006 
JJA 
46% Relative Humidity, t-61, 
9 
In.uletion Leakage Current 
VI-t - 600Vdc 


Raslltance 
RII 
10" 
fl 
9 
(Input·lnputl 
VI' - 600Vdc 


CapaCitance 
CII 
025 
pI' 
f- 
1 MHz 
9 
(Input·lnputl 


SwitChing Specifications 
at TA=25°C 


p.,amet..- 
$ym. 
Device 
Min. 
Typ. 
Ma•. 
Unit. 
Te.t Conditions 
I'it. 
Nota 
HCPL· 


Propagtt'oo Oelay Time 
2731 
25 
100 
/.I' 
'F - 0.5mA, RL - 4.7kU 
To Logic Low 
tPHL 
5 
20 
IF - 1.6mA, RL - 2.2kU 
9 
6 
at Output 
273011 
0.5 
2 
"' 
IF - 12mA, RL - 270U 


Propagation 
Detay Time 
2731 
20 
60 
IlS 
IF - 0.5mA. RL - 4.7kU 


To Logic H'9h 
tPLH 
10 
35 
IF = 1.6mA. RL - 2.2kU 
9 
6 
at OutpUt 
2730 1 
1 
10 
/.IS 
IF = 12mA, RL • 270U 


Common 
Mode 
IF - OmA, RL - 2.2H! 
Transient tmmunityat 
eM•.• 
500 
VI/4 
IvCM!- 
lOV.,.p 
10 
6,10,11 
Logic High LevelOutput 


Common 
Mode 
Transient Immunity at 
CML 
-600 
V!IJ, 
IF" 
1.6mA, RL ;: 2.2kU 


!VcMI = 10Vp"" 
10 
6.10,11 
Logic Low LevelOutput 


NOTES: 1. Derate linearly above SO"C free-air temperature at a rate of 0.5mArC. 
2. Derate linearly above SOoCfree-air temperature at a rate of 0.9mWrC. 
3. 
Derate linearly above 35°C free-air temperature at a rate of O.6mArC. 


4. 
Pin S should be the most negative voltage at the detector side. 


5. Derate linearly above 3SoC free-air temperature at a rate of 1.7mW/oC. 
Output power is collector output power plus supply power. 


6. 
Each channel. 


7. CURRENT TRANSFER RATIO is defined as the ratio of output 
collector current, 10, to the forward LED input current, IF, times 100%. 
8. 
Device considered a two-terminal device: Pins 1,2,3. 
and 4 !lhorted 
together and Pins S, 6, 7, and 8 shorted together. 
9. Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 


10. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) dVCM/dt on the leading edge of the common mode 
pulse VCM. to assure that the output will remain in Logic High state 
(i.e.• Va > 2.0VI. Common mode transient immunity in Logic Low 
level is the maximum tolerable (negativel dVCM dt on the trailing edge 
of the common mode pulse signal, VCM, to assure that the output will 
remain in a Logic Low state (i.e., Va < 0.8V). 
11. In applications where dV/dt may exceed 50,000 V/IJ.s(such as a static 


dischargel a series resistor, ACC' should be included to protect the 
detector 
IC from destructively high surge currents. 
The recommende<.l 


value is A 
•••__ 
'_V__ 
kn. 


CC 
0.3 IF (mAl 


12. 
ThIS IS a proal test to validate the UL 220 Vac ratmg 


Absolute Maximum Ratings 


Storage 
Temperature 
-55° C to +125°C 
Operating 
Temperatu 
re 
-40° C to +85° C 
Lead Solder Temperatu 
re 
260° C for 10 sec 


(1.6mm 
below 
seating 
plane) 


Average 
Input 
Current 
- 
IF 


(each channel) 
20 mA (11 
Peak Input 
Current 
- 
IF 


(each channel) 
.... 
. . . . . . . . . . . . . . . . . .. 
40 mA 
(50% duty 
cycle, 
1 ms pulse width) 
Reverse 
Input 
Voltage 
- 
VR 


(each channel) 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
5V 


1000 


< 
100 


E 
I•.. 


10! 
1.0 


Ii! 
<~ 
0.1 
:r 
I... 
0.01 


Input Power Dissipation 
(each channel) 
35 mW [2J 


Output 
Current 
- 
10 
(each channel) 
... 
. . . . . . . . . . . . . . . .. 
60 mA [3] 


Supply 
and Output 
Voltage 
- 
Vcc 
(Pin 8-5). Vo (Pin 
7,6-5)[4J 


HCPL-2730 
-0.5 to 7V 


HCPL-2731 
-0.5to18V 


Output 
Power 
Dissipation 
(each channel) 
. . . . . . . . . .. 
100 mW[5] 


.. 


I 
1400 
a~ 


~ 
1200 
~ 


~ 
1000 
zg 
800 


•..i 600 


I~ 
•.. 
U 


~ 
I 
'l: 
9 
u<; 
9~ 
> 
~ 
aza~ 
<":: 
~ 


I 
j 


.1 
.01 


HCP'l·2730 
HCPl·2731 
•• -1.8"'" 
Rl -2.2kn 
I 


TA -25 
C 


00 
10 
20 
30 
40 
50 
60 
70 


TA 
- 
TEMPERATURE 
-"C 


70 


60 
, 
, 
> 
50 
~ 
0 
40 
z 
0 
>=" 
30 
"~ 
~ 
20 
,.•. 


10 


Vcc* 
5V 
HCPl·27•• 
TA,,,,2S4C 
HCPL.·2731 


'PHI 


'" 
'\""4,1kO 


•., 
R1 >212 kn 


j/, 


I, 
~-----.- 
___--.J 


I 


VO 
]\=:-5VI 
1.5V 


- 
- 
-VOL 


tpHL 
- 


I,---~ 


o 
¥-5V- 
-==VO 


1.5V 


--- 
----VOL 


tpLH-- 
-- 


PUlSe- 
Gt':N. 
Zo'"SOJI 
t.<i:t5n~ 


VO------------~VOL 


SWITCH 
AT 
B: 
IF'" 
1.6mA 


• 
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PACKARD 
LOW INPUT 
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OPTOCOUPLER 


ANODE~' 
" 
~,o 
5 
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Features 


• HIGH CURRENT 
TRANSFER 
RATIO - 
1000% TYPICAL 


• 
LOW INPUT CURRENT 
REQUIREMENT 
- 
0.5 mA 


• PERFORMANCE 
GUARANTEED 
OVER O°C TO 
70°C TEMPERATURE 
RANGE 


• INTERNAL 
BASE-EMITTER 
RESISTOR 
MINIMIZES 
OUTPUT 
LEAKAGE 
• GAIN-BANDWIDTH 
ADJUSTMENT 
PIN 
• 
HIGH COMMON 
MODE REJECTION 


• DIELECTRIC 
WITHSTAND 
TESTED AT 3000 
V dc FOR A WORKING VOLTAGE OF 220 Vac 


• RECOGNIZED 
UNDER THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES 
INC. (FILE NO. E55361) 


Description 


The 4N45/46 optocouplers 
contain a GaAsP light emitting 
diode optically 
coupled 
to a high gain photodetector 
IC. 


The excellent 
performance 
over temperature 
results from 


the inclusion 
of an integrated emitter-base 
bypass resistor 
which shunts photodiode 
and first stage leakage currents 


to ground. 
External 
access 
to the 
second 
stage 
base 
provides 
better 
noise 
rejection 
than 
a conventional 
photodarlington 
detector. 
An, external resistor or capaci- 


tor at the base can be added to make a gain-bandwidth 
or 


input 
current 
threshold 
adjustment. 
The base lead can 


also be used for feedback. 


The high current 
transfer 
ratio at very low input currents 
permits 
circuit 
designs in which adequate 
margin can be 
allowed 
for the effects of CTR degradation 
over time. 


The 4N46 has a 350% minimum 
CTR at an input current of 
only 
0.5mA making 
it ideal for use in low input current 


applications 
such as MOS, CMOS and low power logic 


interfacing. 
Compatibility 
with high voltage CMOS logic 


systems 
is assured 
by the 
20V minimum 
breakdown 


voltage 
of the output 
transistor 
and by the guaranteed 
maximum 
output 
leakage 
(I0H) at 18V. 


The 
4N45 has a 250% minimum 
CTR at 1.0mA input 


current 
and a 7V minimum 
breakdown 
voltage rating. 


'JEDEC 
Registered 
Data. 


4N46 
4N46 


O.181.01J7j 
rnrmlJ:..-r 


TYPE 
NUMBER 


DATE CODE 
6.10 •.240) 


~ 
~ 
6.60 (260) 


PIN 
1 
ONE 
I, 
_I 
·_1.7B 
1.070)MAX. 


....•.t-- 
1.19 (.0411 MAX. 


~ 


- 
4.70(.~85)=E 1 


I! 
!, 
Ii051i:: 


THODE 


I 
I 
--t- 
MIN. 


L 
2.92 (.115J MIN 
0.76 
{.0301 
I. -': 
:--0.&51.025) 
MAX, 


140(.065) 
l_L ~~ 


2.80(.110) 


Applications 


• Telephone 
Ring Detector 
• Digital 
Logic Ground 
Isolation 
• Low Input Current 
Line Receiver 
• Line 
Voltage 
Status 
Indicator 
Low 
Input 
Power 
Dissipation 
• Logic to Reed Relay Interface 
• Level Shifting 
• Interface 
Between Logic Families 
Absolute 
Maximum Ratings* 


Storage Temperature 
-55° C to +125° C 


Operating Temperature 
-40°C to +70°C 
Lead Solder Temperature 
260° C for 10s. 
(1.6mm below seating plane) 


Average Input Current -IF 
20 mA[1) 


Peak Input Current -IF 
40 mA 


(50% duty cycle, 
1ms pulse width) 


Peak Transient Input Current -IF 
1.0A 
(..;;1 iJs pulse width, 300pps) 


Reverse Input Voltage - 
VR 
5V 


Input Power Dissipation 
35mW[2) 


Output Current -10 (pin 5) 
60 mA[3) 


Emitter-Base 
Reverse Voltage (Pins 4-6) 
0.5V 


Output 
Voltage - 
Vo (Pin 5-4) 
4N45 
-0.5 to 7V 


4N46 
-0.5 to 20V 


Output Power Dissipation 
100mW[4j 
See notes, following 
page 


CAUTION: 
The small junction sizes inherent to the design of this 
bipolar component 
increases the component's 
susceptibility 
to 


damage from electrostatic 
discharge (ESO). It is advised that 


normal static precautions 
be taken in handling and assembly of 
this component to prevent damage and/or degradation which may 
be induced by ESO. 


Electrical Specifications 
OVER RECOMMENDED 
TEMPERATURE 
(TA = O°C TO 70°Cl. UNLESS OTHERWISE SPECIFIED 


Parameter 
Sym. 
Oavlce 
Min. 
Typ." 
Max. 
Units 
Test Conditions 
Fig. 
Note 


350 
1500 
IF = O.SmA, Vo - 1.OV 
Current 
Trensfer 
Ratio 
CTR· 
4N46 
500 
1500 
% 
IF = 1.0mA, 
Vo -1.0V 
200 
600 
IF -10mA, 
Vo = 1.2V 
4 
5,6 


4N45 
250 
1200 
% 
IF = 1.0mA, 
Vo = 1.0V 
200 
500 
IF = 10mA, 
Vo = 1.2V 


.90 
1.0 
IF = 0.5mA, 
IOL = 1.75mA 
4N46 
.92 
1.0 
V 
IF = 1.0mA,IOL 
= 5.0mA 
Logic Low Output 
VOL 
.95 
1.2 
IF = 10mA, 
IOL = 20mA 
2 
6 
Voltage 
4N45 
.90 
1.0 
V 
IF = 1.0mA, 
IOL = 2.5mA 
.95 
1.2 
IF = 10mA,IOL 
= 20mA 


Logic High Output 
4N46 
.001 
100 
I'A 
IF = OmA, Vo -18V 
6 
Current 
IOH· 
4N45 
.001 
250 
I'A 
IF - OmA, Vo - 5V 


Input 
Forward 
Voltage 
VF· 
1.4 
1.7 
V 
IF = LOrnA, TA = 25"C 
1 


Temperature 
Coefficient 
l!.VF 
-1.8 
mVfC 
IF = LOrnA 
of Forward 
Voltage 
l!.TA 


Input Reverse 
Breakdown 
BVR· 
5 
V 
IR = lOllA, TA - 25"C 
Voltage 


Input 
Capacitance 
CIN 
60 
pF 
f = lMHz, 
VF - 0 
~ 


Input-Cutput 
Insulation 
'1-0· 
1.0 
IlA 
45% Relative 
Humidity, 
TA-25"C 
7,10 
Leakage Current 
t = 5 s, VI-C 
= 30ooVOC 


Resistance 
(Input-Cutput) 
RI-C 
1012 
11 
V 1-0 = 500VOC 
7 


Capacitance 
CI_O 
0.6 
pF 
f ·lMHz 
7 
(, nput-Output) 


Switching Specifications 
AT TA = 2SoC 


Parameter 
Symbol 
Min. 
Typ.·· 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay Time To 
tpHL 
80 
IlS 
IF = 1.OrnA, RL = 10kl1 
8 
6,8 
Logic Low at Output 
tPHL * 
5 
50 
IlS 
'F = lOrnA, RL = 22011 


Propagation 
Oeley Time To 
tPLH 
1500 
I'S 
IF = LOrnA. RL = 10k!) 
8 
6,8 
Logic High at Output 
tPLH* 
150 
500 
JSS 
IF = lOrnA, RL = 220!) 


Common 
Mode Transient 
CMH 
500 
VII'S 
IF = OmA. RL = 10k!) 
9' 
9 
Immunity 
at Logic High 
IVcml= 
10Vp_p 
Level Output 


Common 
Mode Transient 
CML 
-500 
VIJls 
IF = 1.OrnA, RL = 10kn 
9 
9 
Immunity 
at Logic Low 
iVcm' = 10Vp_p 
Level Output 


·JEDEC 
Registered 
Data. 
··AlI 
typicals 
at TA = 25°C. unless otherwise 
noted. 


NOTES: 


1. 
Derate 
linearly above 50° C free-air 
temperature 
at a rate of O.4mAf 
C. 
2. 
Derate 
linearly abOve 50°C free-air 
temperature 
at a rate of O.7mWtC. 
3. 
Derate 
linearly above 
2SoC free-air 
temperature 
at a rate of a.SmAtC. 


4. 
Derate linearly 
above 25°C free-air 
temperature 
at a rate of 1.5mWfC. 


5. 
DC CURRENT 
TRANSFER 
RATIO 
is defined 
as the ratio of output 
collector 
current, 
10, to the forward 
LED input current, 
IF, times 
100%. 


6. 
Pin 6 Open. 


7. 
Device considered 
a two-terminal 
device: 
Pins 1, 2, 3 shorted together 
and Pins 4, 5, and 6 shorted together. 


8. 
Use of a resistor 
between 
pin 4 and 6 will 
decrease gain and delay time. 
(See Figures 10 and 12l. 


9. 
Common 
mode transient 
immunity 
in Logic 
High level is the maximum 
tolerable 
(positive) 
dV cm/dt 
on the leading edge of the common 


mode pulse, Vcm, 
to assure that 
the output 
will 
remain 
in a Logic 
High state (Le., Va> 
2.5V). 
Common 
mode transient 
immunity 
in 
Logic 
Low 
level is the maximum 
tolerable 
(negative) 
dVcm/dt 
on the trailing 
edge of the common 
mode pulse signal, Vcm, 
to assure 


that 
the output 
will 
remain 
in a Logic 
Low state O.e., Va < 2.5VI. 


10. This is a proof test to validate 
the UL 220 Vac rating. 
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Figure 1. 
Input Diode Forward Current vs. 


Forward 
Voltage. 
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Figure 10. 
External Base 
Resistor, 
RX 


0 
2.0 
;::. 
1.8 


<r0 
1.6 
in 
'" 
1.4 
zg 
1.2 


>- 
~ 
1.0 


<r 
0.8 
RL 
a 


Vo 
~ 
::; 
"~ 
0 
Z 
I 
<rt; 


Ax - 10k!} 
Rx·2.2kn 
-t-- 


Vo ·'.QV 
NOAMAUZED 
TO; 


eTR .IF 
-'.OmA, Rx-- 


IF - 
FORWARD CURRENT - 
mA 


Figure 11. 
Effect of RX On 
Current Transfer Ratio 
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Figure 12. 
Effect of R X On 
Propagation 
Delay 
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CHARACTER ISTICS 


RIN •• 30Mf/:. ROUT 
son 


V.NlMAXJ "Vcc1 
-1V, 
LINEARITY 
BETTER THAN 5% 


DESIGN COMMENTS 


A, _ NOT CRITICAL «< V'N (MAX.! - (-Vcc,) 
- VBE)hFE OJ 


IF (MAX,) 
R2 - NOT CRITICAL 
(OMIT IF 0.2 TO 0.3V OFFSET IS TOLERABLE) 


V.N (MAXJ + VBE 
Rll:-- 
1 mA 


V'N (MAXJ 


Rs> 
2.5 mA 


• 


Flin- HEWLETT 
~~ 
PACKARD 


AC/OC TO LOGIC 
INTERFACE 
OPTOCOUPLER 


• 
AC OR DC INPUT 


• 
PROGRAMMABLE 
SENSE 
VOLTAGE 


• 
HYSTERESIS 


• 
LOGIC 
COMPATIBLE 
OUTPUT 


• 
SMALL 
SIZE: STANDARD 
8 PIN DIP 


• 
THRESHOLDS 
GUARANTEED 
OVER 
TEMPERATURE 


• 
THRESHOLDS 
INDEPENDENT 
OF 
LED DEGRADATION 


• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 
V de FOR A WORKING 
VOLTAGE 
OF 220 Vae 


• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES, 
INC. (FILE 
NO. E55361) 
Description 


The 
HCPL-3700 
is a voltage/current 
threshold 
detection 
optocoupler. 
This 
optocoupler 
uses 
an 
internal 
Light 


Emitting 
Diode 
(LED), 
a threshold 
sensing 
input buffer 
IC, 


and a high gain photon 
detector 
to provide 
an optocoupler 
which 
permits 
adjustable 
external 
threshold 
levels. 
The 


input 
buffer 
circuit 
has a nominal 
turn 
on threshold 
of 
2.5 mA (ITH+) and 3.8 volts 
(VTH+I. The addition 
of one or 
more external 
attenuation 
resistors 
permits 
the use of this 


device 
over a wide 
range 
of input 
voltages 
and currents. 


Threshold 
sensing 
prior 
to the LED and detector 
elements 


minimizes 
effects 
of 
different 
optical 
gain 
and 
LED 
variations 
over operating 
life (CTR degradation 
I. Hystere- 
sis is also provided 
in the buffer 
for extra 
noise immunity 


and switching 
stability. 


_9.4013701 ~UTLINE 
DRAWING 


9iO (390) 
0.18(.0071 


. 
5 
- 
fbo:mm+ 
. 
'- 


TVPE 
NUMBER 
• 
DATECOOE 
6.10(,2401 
HHml6.60 rno 


Ul 
5 TVP 
RECOGNITION 
,. 
_ 
L 
• 


I 


PIN 
1 


ONE 


I 
-' 
--1.7S 
l.0701MAX. 
---t 1-- 
1.191.047; 
MAX,m- 
,.'01.:.85iMAX 
-- 
, 


J I 
I' 
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, 
_' 
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- 
. 
l..- 
2.92 (.11SJ MIN 


0.76 I 030) 
I -~ 
i4-0.65 
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m ("])55) ._L ~~:~:; 
DIMENSIONS 
IN MILLlMETRES 
AND (INCHES\. 


Applications 


• 
LIMIT 
SWITCH 
SENSING 


• 
LOW VOLTAGE 
DETECTOR 


• 
5V-240V 
AC/DC 
VOLTAGE 
SENSING 


• 
RELAY CONTACT 
MONITOR 


• 
RELAY COIL VOLTAGE 
MONITOR 


• 
CURRENT 
SENSING 


• 
MICROPROCESSOR 
INTERFACING 


The 
buffer 
circuit 
is designed 
with 
internal 
clamping 


diodes 
to protect 
the circuitry 
and LED from 
a wide range 


of 
over-voltage 
and 
over-current 
transients 
while 
the 


diode 
bridge 
enables 
easy use with 
ac voltage 
input. 


The 
high 
gain 
output 
stage 
features 
an open 
collector 


output 
providing 
both TTLcompatible 
saturation 
voltages 


and CMOS 
compatible 
breakdown 
voltages. 


The 
HCPL-3700, 
by combining 
several 
unique 
functions 


in 
a sirtgle 
package, 
provides 
the 
user 
with 
an 
ideal 


component 
for industrial 
control 
computer 
input 
boards 


and 
other 
applications 
where 
a 
predetermined 
input 


threshold 
optocoupler 
level is desirable. 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Storage Temperature 
T5 
-55 
125 
·C 


Operating 
Temperature 
TA 
-25 
85 
·C 


Lead 
Temperature 
260 
·C 
Soldering 
1 
Cycle 
Time 
10 
sec 


Average 
50 
2 
Input 
Surge 
hN 
140 
mA 
2,3 
Current 
Transient 
500 


Input Voltage 
I, Pins 2-3, 
VIN 
-0.5 
V 


Input Power Dissipation 
PIN 
230 
mW 
4 


Total Package PowerOissipation 
P 
305 
mW 
5 


Output 
Power Dissipation 
Po 
210 
mW 
6 


Output 
Average 
10 
30 
mA 
7 
Current 


Supply 
Voltage ,Pins 8-51 
Vcc 
-0.5 
20 
V 


Output 
Voltage (Pins 6-5) 
Vo 
-0.5 
20 
V 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Supply Voltage 
Vcc 
4.5 
18 
V 


Operating Temperature 
TA 
0 
70 
·C 


Operating Frequency 
f 
0 
4 
KHz 
8 


Parameter 
Symbol 
Min. 
Typ.9 
Max. 
Units 
Conditions 
Fig. 
Note 


Propagation 
Delay Time to 
tPHL 
4.0 
15 
IlS 
RL = 4.7 kfi, CL = 30 pF 
10 
Logic Low Output 
Level 
6,9 


Propagation 
Delay Time to 
tPLH 
10.0 
40 
IlS 
RL = 4.7 kfi, CL = 30 pF 
11 
Logic High Output 
Level 


Common 
Mode Transient 
hN = 3.11 mA, RL = 4.1 kfi 
Immunity 
at Logic Low 
CML 
-600 
V/lls 
Output 
Level 
Vo max. = 0.8V, VCML = 140V 
8,10 
12,13 
Common 
Mode Transient 
IIN= 0 mA, RL= 4.7 kfi 
Immunity 
at Logic High 
CMH 
4000 
VljJ.s 
Output Level 
Vo min = 2.0V, VCMH= 1400V 


Output 
Rise Time (10-90%. 
tr 
20 
jJ.S 
RL = 4.7 kfi, CL = 30 pF 
7 
Output 
Fall Time '90-10%1 
tf 
03 
IlS 
RL = 4.7 kfi. CL = 30 pF 


• 


Parameter 
Symbol 
Min. 
Typ.9 
Max. 
Units 
Conditions 
Fig. 
Note 


ITH> 
1.96 
2.5 
3.11 
mA 
VIN-VTH>: Vcc - 4.5V: 
Vo = 0.4V; 10::0:4.2 mA 
Input Threshold Current 
VIN= VTH- : Vcc = 4.5V: 


ITH- 
1.00 
1.3 
1.62 
mA 
Vo = 2.4V: 10H~ 100 itA 


VIN= V2 - 
V3; Pins1 &4 Open 
14 
VTH> 
3.35 
3.8 
4.05 
V 
Vcc = 4.5V; Vo = O.4V: 


DC 
10::0:4.2 mA 


(Pins 2. 3 
VIN= V2 - 
V3:Pins 1& 4 Open 
VTH- 
2.01 
2.6 
2.86 
V 
Vcc = 4.5V: Vo = 2.4V: 
2.3 


Input Threshold 
10~ 100 itA 


Voltage 
VIN=Iv, -v41;Pins2&30pen 
VTH> 
4.23 
5.1 
5.50 
V 
Vcc = 4.5V: Vo = O.4V: 


AC 
10::0:4.2 mA 
14,15 
IPins1,4 
VIN=IV1 -V4!: Pins 2 & 3 Open 
VTH- 
2.87 
38 
4.24 
V 
Vcc = 4.5V; Vo = 2.4V: 
10~ 100 itA 


IHYS 
1.2 
mA 
IHYS= ITH>- 
ITH- 


Hysteresis 
2 
VHYS 
1.2 
V 
VHYS= VTH>- 
VTH- 


VIHCl = V2 - 
V3: V3 = GND: 


VIHC1 
5.4 
60 
6.6 
V 
IIN= 10 mA: Pin 1 & 4 
Connected to Pin 3 


VIHC2= IV, - 
V41: I!tNI = 


VIHC2 
6.1 
6.7 
7.3 
V 
10 mA: Pins 2 & 3 Open 


Input Clamp Voltage 
1 
VIHC3 
12.0 
13.4 
V 
VIHC3= V2 - 
V3: V3= GND: 


!tN= 15 mA: Pins1 & 4 Open 


VllC 
-0.76 
V 
VllC = V2 - 
V3: V3= GND; 


ItN= -10 mA 


Input Current 
ItN 
3.0 
3.7 
4.4 
mA 
VIN= V2 - 
V3 = 5.0V: 
5 
Pins 1 & 4 Open 


VO'.2 
0.59 
Bridge Diode Forward Voltage 
V03.4 
0.74 
IIN= 3 mA (see schematic 


Logic Low Output Voltage 
VOL 
0.1 
0.4 
V 
Vcc = 4.5V: 10l = 4.2 mA 
5 
14 
Logic High Output Current 
10H 
100 
itA 
VOH= Vcc = 18V 


Logic Low Supply Current 
ICCl 
1.0 
4 
mA 
V2 - 
V3 = 5.0V; Vo = Open 


VCC= 5.0V 


Logic High Supply Current 
ICCH 
2 
nA 
Vcc = 18V; Vo = Open 
4 
14 


Input-Output 
Insulation 
Relative Humidity'" 
45%, 


Leakage Current 
It-o 
1 
itA 
TA = 25°C, VI-O = 3000 Vdc; 
16,17 
t = 5 sec. 


Input-Output 
Resistance 
RI-O 
1012 
n 
VI-O = 500 Vdc 
16 


Input-Output 
Capacitance 
CI-O 
0.6 
pF 
f = 1 MHz. VI-O = 0 Vdc 


Input Capacitance 
CIN 
50 
pF 
f=1 MHz: VIN-OV. Pins 2 & 3. 
Pins 1 & 4 Open 


Notes: 


1. Measured at a point 1.6 mm below seating plane. 
2. 
Current int%ut 
of any single lead. 


3. Surge input current duration is 3 ms at 120 Hz pulse repetition rate. 


Transient 
input current duration 
is 10 iJ.Sat 120 Hz pulse repetition 
rate. 


Note that maximum 
input power, PIN. must be observed. 


4. Derate linearly above 70° C free-air temperature 
at a rate of 4.1 mwr C. 


Maximum 
input 
power 
dissipation 
of 2:;u mW allows an input Ie 
junction 
temperature 
of 1250 C at an ambient temperature 
of T A = 70° C 
with a typical 
thermal 
resistance 
from junction 
to ambient 
of OJA, = 


240°C/W. 
Excessive 
PIN and TJ may result in Ie chip degradation. 


5. Derate linearly above 70°C 
free-air temperature 
at a rate of 5.4 mW/o C. 
6. Derate linearly above 70°C 
free-air temperature 
at a rate of 3.9 mW/O C. 


Maximum 
output 
power 
dissipation 
of 210 mW allows 
an output 
IC 
junction 
temperature 
of 125°C 
at an ambient temperature 
of TA = 70° C 
with a typical 
thermal 
resistance 
from junction 
to ambient 
of 8JAo = 


26SoC/W. 


7. Derate linearly above 70°C 
free-air 
temperature 
at a rate of 0.6 mAIo C. 


8. Maximum 
operating 
frequency 
is defined 
when output waveform 
Pin 


61 obtains 
only 90% of Vcc with RL = 4.7 kil, 
CL = 30 pF using a 5V 
square 
wave input signal. 


9. All typical values are at TA = 25° C, Vcc = 5.0V unless otherwise stated. 
10. The tPHL propagation 
delay IS measured 
from the 2.5V level of the 
leading edge of a 5.0V input pulse 
1P.srise time 
to the 1.5V level on the 
leading edge of the output 
pulse fsee Figure 9 . 


11. The tPLH propagation 
delay 
is measured 
from the 2.5V level of the 


trailing edge of a 5,OVinput pulse (1 P.sfall timel to the 1.5V level on the 
trailing 
edge of the output 
pulse (see Figure 91 


12. Common mode transient immunity 
in Logic High level isthe maximum 


tolerable 
l positive I dVCM/dl on the leading edge of the common mode 
pulse. VCM. to insure that the output will remain in a Logic High state 


I Le.. Vo > 2.0V . Common mode transient immunity 
in Logic Low level 
is the maximum tolerable 
negative 
dVCMidt on the trailing edge of the 
common 
mode pulse signal, VCM,to insure that the output wIll remain 
in a Logic Low state ILe. Vo < 0.8Vl. See Figure 10. 
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Figure 1. Typical Input Characteristics, 
IIN vs. V1N. 


(AC voltage is instantaneous 
value.) 
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Figure 3. Typical DC Threshold Levels vs. Temperature. 


13. In applications 
where dVCM'dt may exceed 50.000 V/p.s 
such as static 


discharge, 
a series resistor, 
Ree, should 
be included 
to protect the 
detector IC from destructively 
high surge currents. The recommended 
value for Ree is 2400 per volt of allowable drop in Vee I between Pin 8 
and Vee 
with a minimum 
value of 240n. 


14 
Logic 
low output 
level at Pin 6 occurs under the conditions 
of VIN ~ 


VTH' as well as the range of VIN > VTH- 
once VIN has exceeded VTH+. 


Logic high output 
level at Pin 6 occurs under the conditions 
of VIN:5 


VTH- as well as the range of VIN < VTH.•once VIN has decreased below 


VTH-. 


15. AC voltage IS instantaneous 
voltage. 


16. Device considered 
a two terminal 
device: 
pins 1, 2, 3, 4 connected 
together, 
and PinS 5. 6, 7, 8 connected 
together. 


17. This is a proof test to validate the UL 220 Vac rating. 
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Figure 2. Typical Transfer Characteristics. 


(AC voltage is instantaneous 
value.) 
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The HCPL-3700 optocoupler 
has internal temperature 
compensated, predictable voltage and current threshold 
points which allow selection of an external resistor, Rx,to 
determine larger external threshold voltage levels. For a 
desired external threshold voltage, V±, a corresponding 
typical 
value of Rx can be obtained 
from 
Figure 11. 
Specific calculation of Rx can be obtained from Equation 
(1) of Figure 12. Specification of both V+and V- voltage 
threshold 
levels simultaneously 
can be obtained by the 
use of Rxand Rpas shown in Figure 12and determined by 
Equations (2) and (3). 


Rx can 
provide 
over-current 
transient 
protection 
by 
limiting 
input current during a transient condition. 
For 
monitoring contacts of a relay or switch, the HCPL-3700 in 
combination with Rx and Rpcan be used to allow a specific 
current to be conducted through the contacts for cleaning 
purposes (wetting current). 


The choice of which input voltage clamp level to choose 
depends upon the application of this device (see Figure 1). 
It is recommended that the low clamp condition be used 
when possible to lower the input power dissipation as well 
as the LED current, which minimizes LED degradation 
over time. 


In applications 
where dVeM/dt may be extremely large 


(such as static discharge), a series resistor, Ree, should 
be connected in series with Vee and Pin 8 to protect the 
detector 
IC from destructively 
high surge currents. See 
note 
13 for 
determination 
of Ree. In addition, 
it is 
recommended 
that a ceramic disc bypass capacitor of 
0.01 Ilf be placed between Pins 8 and 5 to reduce the effect 
of power supply noise. 


For interfacing 
AC signals to TTL systems, output low 
pass filtering 
can be performed with a pullup resistor of 
1.5 kO and 20 Ilf capacitor. This application 
requires a 
Schmitt 
trigger 
gate to avoid 
slow 
rise time chatter 
problems. For AC input applications, a filter capacitor can 
be placed across the DC input terminals for either signal 
or transient filtering. 
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Either AC (Pins 1,4) or DC (Pins 2, 3) input can be used to 
determine external threshold levels. 


For one specifically 
selected external threshold voltage 


level V+or V- , Rxcan be determined without use of Rpvia 


V+ - 
VTH+ 
Rx = 
H 
H 
ITIi+ 
(-) 


For two specifically 
selected external threshold voltage 
levels, V+ and V-, 
the use of Rx and Rp will permit this 
selection 
via equations 
(2), (3) provided the following 
conditions are met. If the denominator 
of equation (2) is 
positive, then 
• 


ITH+ 
< 
--ITH_ 


Conversely, if the denominator of equation (2) is negative, 
then 


ITH+ 
> 
--ITH_ 


Rx = 
VTH_ (V+) - VTH+(V_ ) 
(2) 


ITH+(VTH_) - ITH_ (VTH+) 


VTH_ IV+) - VTH+IV- ) 


Rp = ITH+(V_ 
- VTH_) + ITH_ (VTH+ _ V+) 
(3) 
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• 
GUARANTEED 
20 mA LOOP 
PARAMETERS 
• 
DATA 
INPUT 
COMPATIBLE 
WITH 
LSTTL, TTL 
AND CMOS 
LOGIC 
• 
GUARANTEED 
PERFORMANCE 
OVER 
TEMPERATURE 
(0° C to 70° C) 
• 
INTERNAL 
SHIELD 
FOR HIGH 
COMMON 
MODE 
REJECTION 
• 
20 KBaud DATA 
RATE AT 400 METRES 
LINE 
LENGTH 
• 
GUARANTEED 
ON AND OFF OUTPUT 
CURRENT 
LEVELS 
• 
RECOGNIZED 
UNDER 
THE COMPONENT 
PROGRAM 
OF UNDERWRITERS 
LABORATORIES, 
INC. (FILE NO. E55361) 
• 
DIELECTRIC 
WITHSTAND 
TESTED 
AT 3000 
V 
dc FOR A WORKING 
VOLTAGE 
OF 220 Vac 
• 
OPTICALLY 
COUPLED 
20 mA CURRENT 
LOOP 
RECEIVER, 
HCPL-4200, 
ALSO AVAILABLE 


Applications 


• 
IMPLEMENT 
AN ISOLATED 
20 mA CURRENT 
LOOP TRANSMITTER 
IN: 
Computer 
Peripherals 
Industrial 
Control Equipment 
Data Communications 
Equipment 
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The 
HCPL-4100 
optocoupler 
is designed 
to operate 
as a 
transmitter 
in equipment 
using the 20 mA current 
loop. 20 
mA 
current 
loop 
systems 
conventionally 
signal 
a logic 
high state by transmitting 
20 mA of loop current 
(MARK), 
and signal 
a logic 
low state 
by allowing 
no more than 
a 
few 
milliamperes 
of 
loop 
current 
(SPACE). 
Optical 


coupling 
of the signal 
from 
the logic 
input 
to the 20 mA 
current 
ioop 
breaks 
ground 
loops 
and provides 
very high 
immunity 
to common 
mode interference. 


The HCPL-4100 
data input is compatible 
with LSTTL, TTL, 


and CMOS 
logic 
gates. The input 
integrated 
circuit 
drives 


a GaAsP LED. The iight emitted 
by the LED is sensed by a 
second 
integrated 
circuit 
that allows 
20 mA to pass with a 


voltage 
drop of less than 2.7 volts when no light is emitted 
and allows 
less than 2 mA to pass when 
light 
is emitted. 
The transmitter 
output 
is capable 
of withstanding 
27 volts. 
The input 
integrated 
circuit 
provides 
a controlled 
amount 
of 
LED 
drive 
current 
and 
takes 
into 
account 
LED 
light 
output 
degradation. 


The 
Input-Output 
insulation 
of the 
HCPL-4100 
is 100% 


tested 
at 3000 
V dc for 
5 seconds. 
The 
internal 
shield 
allows 
a guaranteed 
1000 V//ls 
common 
mode 
transient 


immunity. 


Recommended operating 
Conditions 


Parameter 
Symbol 
Min. 
Max. 
Unlls 


Power 
Supply 


Voltage 
Vee 
4.5 
20 
Volts 


Input 
Voltage 
Low 
VIL 
0 
0.8 
Volts 


Input Voltage 
High 
VIH 
2.0 
20 
Volts 


Operating 
Temperature 
TA 
0 
70 
°C 


Output 
Voltage 
Vo 
0 
27 
Volts 


Output 
Current 
10 
0 
24 
mA 


(No Derating 
Required 
up to 55° C) 


Storage 
Temperature................. 
-55°C 
to 125°C 


Operating 
Temperature 
-40° C to 85° C 


Lead Solder 
Temperature 
260°C 
for 10 sec. 
(1.6 mm below 
seating 
plane) 


Supply 
Voltage 
- 
Vo 
0 to 20 V 


Average 
Output 
Current 
- 
10 
-30 mA to 30 mA 


Peak Output 
Current 
- 
10 
internally 
limited 


Output 
Voltage 
- 
Vo 
-0.4 V to 27 V 


Input Voltage 
- 
VI 
..............•...... 
-0.5 V to 20 V 


Input 
Power 
Dissipation 
- 
PI 
265 mW[11 


Output 
Power 
Dissipation 
- 
Po 
125 mW[21 


Total 
Power 
Dissipation 
- 
P 
360 mWI3j 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Mark State Output 
1.8 
2.25 
Volts 
10=2 
mA 
VOltage 
VMO 
2.2 
Volts 
10= 12 mA 
VI=2.0V 
1.2 


2.35 
2.7 
Volts 
10= 20 mA 


Mark State Short 
Circuit 
Ise 
30 
85 
mA 
VI=2 
V. Vo=5 
V to 27 V 
4 
Output 
Current 


Space State Output 


Iso 
1.1 
2.0 
mA 
VI = 0.8 V. Vo = 27 V 
3 
Current 


Low Level Input Current 
IlL 
-0.12 
-0.32 
mA 
Vee = 20 V. VI = 0.4 V 


Low Level Input 
Voltage 
VIL 
0.8 
Volts 


High 
Level Input Voltage 
VIH 
2.0 
Volts 


20 
).lA 
VI = 2.7 V 


High Level Input 
Current 
IIH 
100 
).lA 
VI=5.5 
V 


0.005 
250 
).lA 
VI=20V 


Supply 
Current 
Ice 
7.0 
11.5 
mA 
Vee=5.5V 
o V s: VI:S 20 V 


7.8 
13 
mA 
Vee = 20 V 


Input-Output 
Insulation 
11-0 
1 
).lA 
Relative 
Humidity 
= 45% 
5,6 
Leakage 
Current 
TA = 25°C, 
VI-O = 3000 V de. t = 5 sec. 


Resistance 
RI-o 
1012 
Ohms 
VI-O = 500 V de 
5 
{input-outpull 


Capacitance 
CI-D 
1 
pF 
f = 1 MHz. VI-O = 0 V de 
5 
(input-output) 


Notes: 


1. Derate linearly above 55° C free air temperature 
at a rate of 3.8 mWfO C. Proper application 
of the derating factors will prevent IC 


junction 
temperatures 
from exceeding 125°C for ambient temperatures 
up to 85°C. 


2. Derate linearly above a free-air temperature 
of 70°C at a rate of 2.3 mW/oC. A significant 
amount of power may be dissipated 
in 


the HCPL-4100 output circuit 
during the transition 
from the SPACE state to the MARK state when driving a data line or capacitive 
load (CouTI. The average power dissipation 
during the transition 
can be estimated from the following 
equation 
which assumes a 
linear discharge 
of a capacitive 
load: p; 
Isc (Vso + VMoJ/2. where Vso is the output voltage in the SPACE state. The duration 
of 
this transition 
can be estimated as t; 
COUTIVso - VMOI/lsc. For typical applications 
driving twisted pair data lines with NRZ data 


as shown in Figure 11, the transition 
time will be less than 10% of one bit time. 
3. Derate linearly above 55°C free-air temperature at a rate of 5.1 mW/oC. 
4. The maximum current that will flow into the output in the mark state IIsc) is internally 
limited to protect the device. The duration of 
the output short circuit shall not exceed 10 ms. 
5. The device is considered 
a two terminal 
device, pins 1, 2, 3, and 4 are connected 
together, and pins 5, 6, 7, and 8 are connected 
together. 
6. This is a proof test to validate the UL 220 Vac rating. 


• 


Switching Characteristics 


for 0 ~ TA ~ 70° C, 4.5 V ~ Vcc 
~ 20 V, all typicals at TA = 25° C and Vcc = 5 V unless otherwise noted 


Parameter 
Symbol 
Min. 
Typ. 
Mall. 
Units 
Testing Conditions 
Fig. 
Note 


Propagation 
Delay Time 
to Logic High Output 
tPLH 
0.3 
1.6 
I'S 
CO = 1000 pF, CL = 15 pF, 10= 20 mA 
4,5,6 
7 
Level 


Propagation 
Delay Time 
to Logic Low Output 
tPHL 
0.2 
1.0 
I'S 
CO = 1000 pF, CL = 15 pF,lo = 20 mA 
4,5,6 
8 
Level 


Propagation 
Delay 
tpLH-tPHL 
0.1 
I'S 
10=20mA 
Time Skew 


Output Rise Time 
tr 
16 
ns 
10= 20 mA, Co = 1000 pF, CL = 15 pF. 
5, 7 
9 
(10-90%) 


Output Fall Time 
tl 
23 
ns 
10= 20 mA, Co = 1000 pF, CL = 15 pF. 
5,7 
10 
(90-100/0) 


Common Mode 
VI = 2 V, TA= 25°C 
Transient Immunity at 
CML 
-1,000 -10.000 
VII'S 
VCM = 50 V (peak), Vcc = 5 V 
8,9,10 
11 


Logic High Output Level 
10(min,) = 12 mA 


Common Mode 
VI =0.8 V, TA = 25°C 
Transient Immunity at 
CMH 
1,000 10,000 
VII's 
VCM = 50 V (peak). Vcc = 5 V 
8.9,10 
12 
Logic Low Output Level 
10 (max,) = 3 mA 


Notes: 
7. The tPLH propagation 
delay is measured from the 1.3 volt level on the leading edge 01 the input pulse to the 10 mA level on the 


leading edge 01 the output pulse. 


8. The tPHL propagation 
delay is measured from the 1.3 volt level on the trailing edge 01 the input pulse to the 10 mA level on the 


trailing edge of the output pulse. 


9. The rise time, tr, is measured from the 10% to the 90% level on the rising edge of the output current pulse. 
10.The fall time, If, is measured Irom the 90% to the 10% level on the lalling edge 01 the output current pulse. 
11.The common mode transient immunity 
in the logic high level is the maximum (positive) dVCM/dt on the leading edge of the common 
mode pulse, VCM,that can be sustained with the output in a Mark ("'H"')state (i.e., 10> 12 mAl. 


12.The common mode. transient immunity in the logic low level is the maximum (negative) dVCM/dt on the leading edge 01 the common 


mode pulse, VCM,that can be sustained with the output in a Space ("'L"') state (i.e., 10> 3 mAIo 
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Figure 1. 
Typical Mark State Output Voltage va. 
Temperature 
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Figure 3. 
Typical Space State Output Current vs. 
Temperature 
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Figure 8. 
Test Circuit for Common Mode Transient 
Immunity 
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Figure 10. Common Mode Transient Immunity vs. 
Common Mode Transient Amplitude 


Data transfer 
between 
equipment 
which 
employs 
current 


loop 
circuits 
can be accomplished 
via one of three 
con- 


figurations: 
simplex, 
half 
duplex 
or 
full 
duplex 
com- 


munication. 
With 
these configurations, 
point 
to point 
and 
multidrop 
arrangements 
are 
possible. 
The 
appropriate 


configuration 
to use depends 
upon 
data rate, number 
of 


stations, 
number 
and length 
of lines, direction 
of data flow, 
protocol, 
current 
source 
location 
and voltage 
compliance 


value, etc. 


SIMPLEX 
The simplex 
configuration, 
whether 
point to point or multi- 


drop, 
gives 
unidirectional 
data flow 
from 
transmitter(s) 
to 
receiver. 
This is the simplest 
configuration 
for use in long 


line length 
(two wire), moderate 
data rate, and low current 
source 
compliance 
level applications. 
A block 
diagram 
of 
simplex 
point 
to point 
arrangement 
is given 
in Figure 
11 


for the HCPL-4100 
transmitter 
optocoupler. 
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Major 
factors 
which 
limit 
maximum 
data rate performance 
for a simplex 
loop are the location 
and compliance 
voltage 
of the loop 
current 
source 
as well as the total 
line capaci- 
tance. 
Application 
of 
the 
HCPL-4100 
transmitter 
in 
a 
simplex 
loop 
necessitates 
that 
a non-isolated 
active 
re- 
ceiver 
(containing 
current 
source) 
be used at the opposite 
end 
of the current 
loop. 
With 
long 
line 
length. 
large 
line 
capacitance 
will need to be charged 
to the compliance 
vol- 
tage 
level of the 
current 
source 
before 
the 
receiver 
loop 
current 
decreases 
to zero. 
This 
effect 
limits 
upper 
data 
rate performance. 
Slower 
data rates will occur 
with 
larger 
compliance 
voltage 
levels. The maximum 
compliance 
level 
is determined 
by the transmitter 
breakdown 
characteristic. 


In addition. 
adequate 
compliance 
of the 
current 
source 
must be available 
for voltage 
drops 
across station(s) 
during 
the 
MARK 
state 
in 
multidrop 
applications 
for 
long 
line 
lengths. 


In a simplex 
multidrop 
application 
with 
mUltiple 
HCPL- 
4100 
transmitters 
and 
one 
non-isolated 
active 
receiver. 


priority 
of transmitters 
must be established. 


A recommended 
non-isolated 
active 
receiver 
circuit 
which 
can 
be used 
with 
the 
HCPL-4100 
in point 
to point 
or in 
multidrop 
20 mA current 
loop applications 
is given 
in Fig- 
ure 12. This 
non-isolated 
active 
receiver 
current 
threshold 
must 
be 
chosen 
properly 
in 
order 
to 
provide 
adequate 
noise 
immunity 
as well as not to detect 
SPACE 
state cur- 
rent 
(bias 
current! 
of 
the 
HCPL-4100 
transmitter. 
The 
receiver 
input 
threshold 
current 
is Vth/Rth 
~ 10 mA. A sim- 
ple 
transistor 
current 
source 
provides 
a nominal 
20 mA 
loop 
current 
over 
a Vcc 
compliance 
range 
of 6 V dc to 
27 V dc. A resistor 
can 
be used 
in place 
of the constant 
current 
source 
for simple 
applications 
where the wire loop 


distance 
and 
number 
of stations 
on the loop 
are fixed. 
A 
minimum 
transmitter 
output 
load 
capacitance 
of 1000 pF 
is 
required 
between 
pins 
3 
and 
4 to 
ensure 
absolute' 


stability. 


Length 
of the current 
loop (one direction) 
versus minimum 
required 
DC supply 
voltage. 
Vcc. 
of the circuit 
in Figure 
12 is graphically 
illustrated 
in Figure 
13. Multidrop 
config- 
urations 
will 
require 
larger 
Vcc 
than 
Figure 
13 predicts 
in 


order 
to 
account 
for 
additional 
station 
terminal 
voltage 


drops. 
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Figure 12. Recommended Non-Isolated Active Receiver with HCPL-4100 Isolated Transmitter lor Simplex Point to Point 
20 mA Current Loop 


__ 
25% DISTORTION 


DATA 
RATE 
___ 
10% DISTORTION 


DATA 
RAT 
___ 
MAXIMUM 
DATA 


RATE 
1"'25% 
DISTORTION) 


15Vdc 
lOVdc 
24V<!<: 


15Vdc 
24 Vdc 


10,000 


l- 
lOOP 
LENGTH 
(ONE 
DIRECTIONl- 
METRES 


Typical 
data 
rate 
performance 
versus 
distance 
is illus- 
trated 
in Figure 
14 for the combination 
of a non-isolated 
active 
receiver 
and 
HCPL-4100 
optically 
coupled 
current 
loop transmitter 
shown 
in Figure 
12. Curves are shown 
for 
25% distortion 
data 
rate at different 
Vcc 
values. 
25% dis- 
tortion 
data 
rate 
is defined 
as that 
rate 
at 
which 
25% 
distortion 
occurs 
to output 
bit interval 
with 
respect 
to the 
input 
bit interval. 
Maximum 
data 
rate (dotted 
line) 
is re- 
stricted 
by 
device 
characteristics. 
An 
input 
Non-Return-to-Zero 
(NRZ) 
test 
waveform 
of 
16 bits 


(0000001011111101) 
was used for data rate distortion 
mea- 
surements. 
Enhanced 
speed 
performance 
of 
the 
loop 
system 
can be obtained 
with 
lower 
Vcc 
supply 
levels, as 
illustrated 
in Figure 
14. In addition, 
when 
loop 
current 
is 
supplied 
through 
a resistor 
instead 
of by a current 
source, 


an additional 
series 
termination 
resistance 
equal 
to the 
characteristic 
line 
impedance 
can 
be used at the HCPL- 
4100 
transmitter 
end 
to 
enhance 
speed 
of 
response 
by 
approximately 
20%. 


The .cable used contained 
five pairs of unshielded, 
twisted, 
22 AWG 
wire 
IDearborn 
#862205l. 
Loop 
current 
is 20 mA 
nominal. 
Input 
and 
output 
logic 
supply 
voltages 
are 5 V 
de. 
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Figure 15. Full Duplex Point to Point Current Loop 
System Configuration 


FULL DUPLEX 
Full 
duplex 
point 
to 
point 
communication 
of 
Figure 
15 
uses 
a four 
wire 
system 
to 
provide 
simultaneous, 
bi- 
directional 
data communication 
between 
local and remote 
equipment. 
Basic 
application 
uses two 
simplex 
point 
to 
point 
loops 
which 
have two separate, 
active, 
non-isolated 
units 
at one common 
end of the loops. 
The other 
end of 
each loop is isolated. 


As 
Figure 
15 
illustrates, 
the 
combination 
of 
Hewlett- 
Packard 
current 
loop 
optocouplers, 
HCPL-4100 
transmitter 
and 
HCPL-4200 
receiver, 
can 
be used at the 
isolated 
end 
of 
current 
loops. 
Cross 
talk 
and 
common 
mode coupling 
are greatly 
reduced 
when optical 
isolation 
is implemented 
at the same end of both 
loops, 
as shown. 
Full duplex 
data rate is limited 
by the non-isolated 
active 
receiver 
current 
loop. 
Comments 
mentioned 
under 
sim- 
plex configuration 
apply 
to the full 
duplex 
case. Consult 
the HCPL-4200 
receiver 
optocoupler 
data sheet for speci- 
fied device performance. 


HALF DUPLEX 
The 
half duplex 
configuration, 
whether 
point 
to point 
or 
multidrop, 
gives non-simultaneous 
bidirectional 
data flow 
from 
transmitters 
to receivers 
shown 
in Figures 
16a and 
16b. 
This 
configuration 
allows 
the 
use 
of 
two 
wires 
to 
carry 
data back and forth 
between 
local and remote 
units. 


However, 
protocol 
must be used to determine 
which 
spe- 


cific 
transmitter 
can operate 
at any given time. 
Maximum 
data 
rate for a half duplex 
system 
is limited 
by the loop 
current 
charging 
time. 
These 
considerations 
were 
ex- 
plained 
in the Simplex 
configuration 
section. 


Figures 
16a and 
16b illustrate 
half duplex 
application 
for 
the 
combination 
of 
HCPL-4100/-4200 
optocouplers. 
The 
unique 
and 
complementary 
designs 
of 
the 
HCPL-4100 
transmitter 
and HCPL-4200 
receiver 
optocouplers 
provide 
many designed-in 
benefits. 
For example, 
total 
optical 
iso- 
lation 
at 
one 
end 
of 
the 
current 
loop 
is 
easily 
accomplished, 
which 
results 
in 
substantial 
removal 
of 
common 
mode influences, 
elimination 
of ground 
potential 
differences 
and 
reduction 
of power 
supply 
requirements. 


With 
this 
combination 
of HCPL-4100/-4200 
optocouplers, 


specific 
current 
loop noise immunity 
is provided, 
i.e., min- 
imum SPACE state current 
noise immunity 
is 1 mA, MARK 
state noise immunity 
is 8 mA. 


Voltage 
compliance 
of the current 
source 
must 
be of an 
adequate 
level for operating 
all units in the loop while 
not 
exceeding 
27 V dc, the maximum 
breakdown 
voltage 
for 
the HCPL-41 00. Note that the HCPL-4100 
transmitter 
will 
allow 
output 
loop 
current 
to 
conduct 
when 
input 
Vcc 
power 
is off. Consult 
the HCPL-4200 
receiver 
optocoupler 
data sheet for specified 
device performance. 


For 
more 
informaton 
about 
the 
HCPL-4100/-4200 
opto- 
couplers, 
consult 
Application 
Note 1018. 
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DATA 
OUTPUT 
COMPATIBLE 
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LSTTL, 
TTL, AND CMOS 
• 
20K BAUD 
DATA 
RATE AT 1400 METRES 
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LENGTH 
• 
GUARANTEED 
PERFORMANCE 
OVER 
TEMPERATURE 
(O°C TO 70°C) 
• 
GUARANTEED 
ON AND OFF THRESHOLDS 
• 
LED IS PROTECTED 
FROM 
EXCESS 
CURRENT 
• 
INPUT 
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• 
THREE-STATE 
OUTPUT 
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DATA 
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• 
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The HCPL-4200 
optocoupler 
is designed 
to operate 
as a 
receiver 
in equipment 
using 
the 20 mA Current 
Loop. 
20 
mA 
current 
loop 
systems 
conventionally 
signal 
a logic 
high state by transmitting 
20 mA of loop current 
(MARKI, 


and signal 
a logic 
low state by allowing 
no more than 
a 
few 
milliamperes 
of 
loop 
current 
(SPACE). 
Optical 
cou- 
pling 
of the signal 
from 
the 20 mA current 
loop 
to the 
logic 
output 
breaks 
ground 
loops 
and provides 
for a very 


high common 
mode rejection. 
The HCPL-4200 
aids in the 
design 
process 
by 
providing 
guaranteed 
thresholds 
for 
logic 
high 
state and logic 
low state for the current 
loop, 
providing 
an 
LSTTL, 
TTL, 
or 
CMOS 
compatible 
logic 
interface, 
and 
providing 
guaranteed 
common 
mode 
re- 
jection. 
The buffer 
circuit 
on the current 
loop 
side of the 


HCPL-4200 
provides 
typically 
0.8 mA of hysteresis 
which 
increases 
the immunity 
to common 
mode and differential 
mode noise. The buffer 
also provides 
a controlled 
amount 
of LED drive 
current 
which 
takes 
into account 
LED light 
output 
degradation. 


Input-Output 
insulation 
of the HCPL-4200 
is 100% tested 
at 3000 V dc for 5 seconds. 
The 
internal 
shield 
allows 
a 


guaranteed 
1000 V/f.'s common 
mode transient 
immunity. 


Recommended Operating 
Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 


Power 
Supply 
Voltage 
Vcc 
4.5 
20 
Volts 


Forward 
Input 
Current 
(SPACE} 
ISI 
0 
2.0 
mA 


Forward 
Input 
Current 
(MARK} 
IMI 
14 
24 
mA 


Operating 
Temperature 
TA 
0 
70 
·C 


Fan Out 
N 
0 
4 
TTL 
Loads 


Logic 
Low 
Enable 
Voltage 
VEL 
0 
0.8 
Volts 


Lagle 
High 
Enable 
Voltage 
VEti 
2.0 
20 
Volts 


(No Derating 
Required 
up to lO·C) 


Storage 
Temperature 
-55°C 
to 125·C 


Operating 
Temperature 
-40· 
C to 85· C 


Lead 
Solder 
Temperature 
260°C 
for 10 sec. 


(1.6 mm 
below 
the seating 
plane} 


Supply 
Voltage 
- 
Vcc 
0 V to 20 V 


Average 
Input 
Current 
- 
II 
-30 
mA to 30 mA 


Peak Transient 
Input 
Current 
- 
II 
0.5 A[11 


Enable 
Input 
Voltage 
- 
VE 
-0.5 
V to 20 V 
Output 
Voltage 
- 
Vo 
-0.5 
V to 20 V 


Average 
Output 
Current 
- 
10 
25 mA 


Input 
Power 
Dissipation 
- 
PI 
90 mW[21 


Output 
Power 
Dissipation 
- 
Po 
.....•...... 
210 mW[31 


Total 
Power 
Dissipation 
- 
P 
255 mW[4j 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Unlla 
Test Conditions 
Fig. 
Note 


Mark State Input Current 
IMI 
12 
mA 
1,2.3 


Mark State Input Voltage 
VMI 
2.52 
2.75 
Volts 
h=20 
mA 
Ve = Don't Care 
3,4 


Space State Input Current 
151 
3 
mA 
1,2,3 


Space State Input Voltage 
VSI 
1.6 
2.2 
Volts 
h=2 
mA 
Ve = Don't Care 
1,3 


Input Hysteresis 
Current 
IHYS 
0.3 
0.8 
mA 
1 


Logic Low Output Voltage 
VOL 
0.5 
Volts 
IOL = 6.4 mA (4 TTL Loads) h = 3 mA 
5 


Logic High Output Voltage 
VOH 
2.4 
Volts 
10H= -2.6 mA, 
11=12 mA 
6 


Output 
Leakage Current 
IOHH 
100 
JkA 
Vo=5.5V 
1 
h=20 
mA 


(Vour> 
Vce) 
500 
JkA 
Vo = 20 V 
I 
Vce=4.5V 


Logic High Enable Voltage 
VeH 
2.0 
Volts 


Logic Low Enable Voltage 
VeL 
0.8 
Volts 


20 
/LA 
Ve=2.7 
V 


LogiC High Enable 
leH 
100 
/LA 
Ve=5.5 
V 
Current 
004 
250 
/LA 
Ve= 20 V 


Logic Low Enable Current 
leL 
-{).32 
mA 
Ve=O.4 
V 


LogiC Low Supply 
leeL 
4.5 
6.0 
mA 
Vec=5.5 
V 
II=OmA 


Current 
5.25 
7.5 
mA 
Vec=20V 
Ve = Don't Care 


Logic High Supply 
lecH 
2.7 
4.5 
mA 
Vce= 
5.5 V 
II=20mA 


Current 
3.1 
60 
mA 
Vce=20V 
Ve = Don't Care 


10ZL 
-20 
/LA 
Vo=O.4 
V 
Ve = 2.0 V, II = 20 mA 


High Impedance 
State 
20 
/LA 
Vo = 2.4 V 


Output Current 
I02K 
100 
/LA 
Vo= 
5.5 V 
Ve=2 
V, 


500 
JkA 
Vo=20V 
h=O 
mA 


Logic Low Short 
10SL 
25 
mA 
Vo = VCC= 5.5 vi 
Circuit 
Output Current 
40 
mA 
Va = Vcc = 20 V Ih = 0 mA 
5 


LogiC High Short 
10SH 
-10 
mA 
Vec=5.5 
V 
II=20mA 
5 
Circuit 
Output 
Current 
-25 
mA 
Vce= 
20 V 
Vo=GND 


1 
/LA 
VI-0 = 3000 V de 
Input-Output 
Insulation 
11-0 
TA = 25°C, t =5s 
6,7 
Leakage Current 
Relative Humidity 
= 45% 


Input-Output 
Resistance 
RI-O 
10'2 
ohms 
VI-Q = 500 V dc 
6 


Input-Output 
Capacitance 
CI-O 
1.0 
pF 
f = 1 MHz. VI-0 = 0 V de 
6 


Input Capacitance 
CIN 
120 
pF 
f = 1 MHz. VI = 0 V dc, Pins 1 and 2 


Switching Characteristics 


For 0° C ~ TA ~ 70° C, 4.5 V ~ Vcc 
~ 20 V, VE = 0.8 V, all typicals at TA = 25° C and Vcc 
= 5 V unless otherwise noted 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Fig. 
Note 


Propagation 
Delay Time 
to Logic High Output 
tPLH 
0.23 
1.6 
I's 
VE = 0 V, CL = 15 pF 
7,8,9 
8 
Level 


Propagation 
Delay Time 
to Logic Low Output 
tPHL 
0.17 
1.0 
1-'5 
VE = 0 V, CL = 15 pF 
7, 8, 9 
9 
Level 


Propagation 
Delay 
tPLH-tpHL 
60 
ns 
,,= 20 mA, CL = 15 pF 
7,8,9 
Time Skew 


Output Enable Time 
tPZL 
25 
" = 0 mA, CL = 15 pF 
11, 12, 
to Logic Low Level 
ns 
14 
,- 


Output Enable Time 
tPZH 
28 
II = 20 mA, CL = 15 pF 
11, 12, 
to Logic High Level 
ns 
13 


Output Disable Time 
tPLZ 
60 
" = a mA, CL = 15 pF 
11,12. 
from Logic Low Level 
ns 
14 


Output Disable Time 
tPHZ 
105 
" = 20 mA. CL = 15 pF 
11,12, 


from Logic High Level 
ns 
13 


Output Rise Time 
tr 
55 
ns 
Vcc = 5 V. CL = 15 pF 
7,8,10 
10 
(10-90%) 


Output Fall Time 
tf 
15 
ns 
Vcc = 5 V, CL = 15 pF 
7,8,10 
11 
(90-10%) 


Common Mode 
VCM = 50 V <peak) 
Transient Immunity at 
CMH 
-1,000 
-10,000 
V/1-'5 
,,= 12 mA, TA =25°C 
15,16 
12 
Logic High Output level 


Common Mode 
VCM = 50 V (peak> 
Transient Immunity at 
CML 
1,000 
10.000 
VII'S 
11=3mA, TA=25°C 
15,16 
13 
logic 
Low Output Level 


NOTES: 
1. :5 1 Jls pulse width, 300 pps. 
2. Derate linearly above 70°C free air temperature at a rate of 1.6 mW/oC. 
Proper application 
of the derating factors will prevent IC 
junction temperatures from exceeding 125°C for ambient temperatures up to 85° C. 
3. Derate linearly above 70°C free air temperature at a rate of 3.8 mW/oC. 
4. Derate linearly above 70° C free air temperature at a rate of 4.6 mWfO C. 
5. Duration of output short circuit time shall not exceed 10 ms. 
6. The device is considered a two terminal device, pins 1, 2, 3, and 4 are connected together and pins 5, 6, 7, and 8 are connected 
together. 
7. This is a proof test to validate the UL 220 Vac rating. 
8. The tPLH propagation 
delay is measured from the 10 mA level on the leading edge of the input pulse to the 1.3 V level on the 
leading edge of the output pulse. 


9. The tPHL propagation 
delay is measured from the 10 mA level on the trailing 
edge of the input pulse to the 1.3 V level on the 
trailing edge of the output pulse. 


10. The rise time, tr, is measured from the 10% to the 90% level on the rising edge of the output logic pulse. 
11. The fall time, tf, is measured from the 90% to the 10% level on the falling edge of the output logic pulse. 
12. Common mode transient Immunity in the logic high level is the maximum (negative) dVCM/dt on the trailing edge of the common 
mode pulse, VCM,which can be sustained with the output voltage in the logic high state (i.e., Vo '" 2 VI. 


13. Common mode transient immunity 
in the logic low level is the maximum (positive) dVCM/dt on the leading edge of the common 
mode pulse, VCM,which can be sustained with the output voltage in the logic low state (i.e., VO:5 0.8 VI. 
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ys. Loop Current 


3.0 


25 
II 


i:~;JT 


1.~'~.:.: 
.. 
'''''''''''' 
~! 


4 
_ 
--+ 'HVS +- 
. 


I 


I 


Figure 2. 
Typical Current Switching 
Threshold ys. Temperature 
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Typical 
Input 
Voltage 
Figure 5. 
Typical Logic Low Output 
Figure 6. 
Typical Logic High Output 
ys. Temperature 
Voltage ys. Temperature 
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Data transfer 
between 
equipment 
which 
employs 
current 
loop 
circuits 
can be accomplished 
via one of three 
con- 
figurations: 
simplex, 
half 
duplex 
or 
full 
duplex 
com- 
munication. 
With 
these configurations, 
point-to-point 
and 
mUltidrop 
arrangements 
are 
possible. 
The 
appropriate 


configuration 
to use depends 
upon 
data rate, number 
of 


stations, 
number 
and length of lines, direction 
of data flow, 
protocol, 
current 
source 
location 
and voltage 
compliance 


value, etc. 


SIMPLEX 
The simplex 
configuration, 
whether 
point to point or multi- 
drop, 
gives 
unidirectional 
data 
flow 
from 
transmitter 
to 


receiver(sl. 
This 
is the 
simplest 
configuration 
for 
use in 
long line length 
(two wire), for high data rate, and low cur- 
rent source 
compliance 
level applications. 
Block diagrams 


of simplex 
point-to-point 
and multidrop 
arrangements 
are 


given 
in Figures 
17a and 17b respectively 
for the HCPL- 


4200 receiver optocoupler. 


For the highest 
data rate performance 
in a current 
loop, 


the configuration 
of a non-isolated 
active transmitter 
(con- 


taining 
current 
source) 
transmitting 
data 
to 
a 
remote 


isolated 
receiver(s) 
should 
be 
used. 
When 
the 
current 


source 
is 
located 
at 
the 
transmitter 
end, 
the 
loop 
is 
charged 
approximately 
to 
VMI 
(2.5 V). 
Alternatively, 
when 
the current 
source 
is located 
at the receiver 
end, the loop 
is charged 
to the full compliance 
voltage 
level. The lower 
the charged 
voltage 
level the faster the data rate will be. In 
the 
configurations 
of 
Figures 
17a and 
17b, data 
rate 
is 
independent 
of 
the 
current 
source 
voltage 
compliance 
level. 
An 
adequate 
compliance 
level 
of 
current 
source 
must be available 
for voltage 
drops across station(s) during 
the MARK 
state in multidrop 
applications 
or for long 
line 
length. 
The maximum 
compliance 
level is determined 
by 


the transmitter 
breakdown 
characteristic. 


A 
recommended 
non-isolated 
active 
transmitter 
circuit 
which 
can be used with 
the HCPL-4200 
in point-to-point 
or in multidrop 
20 mA current 
loop applications 
is given in 
Figure 
18. The current 
source 
is controlled 
via a standard 
TTL 7407 buffer to provide 
high output 
impedance 
of cur- 


rent 
source 
in 
both 
the 
ON 
and 
OFF 
states. 
This 
non-isolated 
active 
transmitter 
provides 
a nominal 
20 mA 
loop 
current 
for 
the 
listed 
values 
of Vcc, 
R2 and 
R3 in 
Figure 
18. 
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Figure 18. Recommended Non-Isolated 
Active Transmitter 
with HCPL-4200 Isolated Receiver for Simplex Polnt-to-Polnt 
20 mA 


Current Loop 


Length 
of 
current 
loop 
(one 
direction) 
versus 
minimum 
required 
DC supply 
voltage, 
Vcc, 
of the circuit 
in Figure 
18 is graphically 
illustrated 
in Figure 
19. Multidrop 
config- 


urations 
will 
require 
larger 
Vcc 
than 
Figure 
19 predicts 
in 


order 
to 
account 
for 
additional 
station 
terminal 
voltage 
drops. 


Typical 
data 
rate 
performance 
versus 
distance 
is illus- 


trated 
in Figure 
20 for the combination 
of a non-isolated 
active 
transmitter 
and 
HCPL-4200 
optically 
coupled 
cur- 


rent 
loop 
receiver 
shown 
in Figure 
18. Curves 
are shown 
for 10% and 25% distortion 
data rate. 10% (25%) distortion 
data rate is defined 
as that rate at which 
10% (25%) distor- 
tion 
occurs 
to output 
bit interval 
with 
respect 
to input 
bit 
interval. 
An input 
Non-Return-to-Zero 
(NRZ) test waveform 
of 16 bits (0000001011111101) 
was used for data rate dis- 
tortion 
measurements. 
Data rate is independent 
of current 
source 
supply 
voltage, 
Vcc. 


The cable used contained 
five pairs of unshielded, 
twisted, 


22 AWG 
wire 
(Dearborn 
#862205). 
Loop 
current 
is 20 mA 
nominal. 
Input 
and 
output 
logic 
supply 
voltages 
are 5 V 
dc. 


FULL 
DUPLEX 
The full duplex 
point-to-point 
communication 
of Figure 21 
uses 
a 
four 
wire 
system 
to 
provide 
simultaneous, 
bi- 


directional 
data communication 
between 
local and remote 
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Figure 19. Minimum Required Supply Voltage, Vcc• vs. 


Loop Length for Current Loop Circuit of Figure 18 


equipment. 
The basic application 
uses two simplex 
point- 


to-point 
loops 
which 
have 
two 
separate, 
active, 
non- 


isolated 
units 
at one common 
end of the loops. 
The other 
end of each loop is isolated. 


As 
Figure 
21 
illustrates, 
the 
combination 
of 
Hewlett- 


Packard 
current 
loop 
optocouplers, 
HCPL-4100 
transmitter 
and 
HCPL-4200 
receiver, 
can 
be used 
at the 


isolated 
end 
of 
current 
loops. 
Cross 
talk 
and 
common 
mode 
coupling 
are greatly 
reduced 
when 
optical 
isolation 
is implemented 
at the same end of both 
loops, 
as shown. 


The 
full 
duplex 
data 
rate 
is limited 
by the 
non-isolated 


active 
receiver 
current 
loop. 
Comments 
mentioned 
under 


simplex 
configuration 
apply 
to the full 
duplex 
case. Con- 
sult the HCPL-4100 
transmitter 
optocoupler 
data sheet for 


specified 
device 
performance. 


HALF 
DUPLEX 
The 
half 
duplex 
configuration, 
whether 
point-to-point 
or 


multidrop, 
gives 
non-simultaneous 
pidirectional 
data flow 


from 
transmitters 
to receivers 
shown 
in Figures 
22a and 


22b. 
This 
configuration 
allows 
the 
use 
of 
two 
wires 
to 


carry 
data back and forth 
between 
local and remote 
units. 


However, 
protocol 
must 
be used to determine 
which 
spe- 


cific 
transmitter 
can operate 
at any given 
time. 
Maximum 


data 
rate for 
a half duplex 
system 
is iimited 
by the 
loop 


current 
charging 
time. 
These 
considerations 
were 
ex- 


plained 
in the Simplex 
configuration 
section. 


100,000 
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NON-ISOLATED 
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Figure 21. Full Duplex Point-to-Point 
Current Loop 
System Conllguratlon 


Figures 22a and 22b illustrate half duplex application for 
the combination of HCPL-4100/-4200 optocouplers. The 
unique and complementary designs of the HCPL-4100 
transmitter and HCPL-4200 receiver optocouplers provide 
many designed-in benefits. For example, total optical Iso- 


lation at one end of the current loop is easily accom- 
plished, which results in substantial removal of common 
mode influences, elimination of ground potential differen- 
ces and reduction of power supply requirements. With this 
combination of HCPL-4100/-4200 optocouplers, specific 
current loop noise immunity is provided, i.e., minimum 
SPACE state current noise immunity is 1 mA, MARK state 
noise immunity is 8 mA. 


Voltage compliance of the current source must be of an 
adequate level for operating all units in the loop while not 
exceeding 27 V dc, the maximum breakdown voltage for 
the HCPL-4100. Note that the HCPL-4100 transmitter will 
allow loop current to conduct when input Vcc power is 
off. Consult the HCPL-4100 transmitter optocoupler data 
sheet for specified device performance. 


For more information about the HCPL-4100/-4200 opto- 
couplers, consult Application Note 1018. 
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• HERMETICALLY 
SEALED 


• HIGH SPEED 
• PERFORMANCE 
GUARANTEED 
OVER _55°C TO 


+125°C AMBIENT 
TEMPERATURE 
RANGE 


• STANDARD 
HIGH RELIABILITY 
SCREENED 
PARTS AVAILABLE 
• TTL COMPATIBLE 
INPUT AND OUTPUT 
• HIGH COMMON 
MODE REJECTION 
• 
DUAL-IN-L1NE 
PACKAGE 
• 
1500 VDC WITHSTAND 
TEST VOLTAGE 


• EIA REGISTRATION 
• HIGH RADIATION 
IMMUNITY 


• 
Logic Ground Isolation 
• 
Line Receiver 
• 
Computer - Peripheral Interface 
• 
Vehicle Command/Control 
Isolation 
• 
High Reliability 
Systems 
• 
System Test Equipment 
Isolation 


The 
6N134 
consists 
of a pair 
of inverting 
optically 
coupled 
gates. 
each 
with 
a light 
emitting 
diode 
and 
a unique 
high 
gain 
integrated 
photon 
detector 
in 
a hermetically 
sealed 
ceramic 
package. 
The 
output 
of 
the 
detector 
is an open 
collector 
Schottky 
clamped 
transistor. 


This 
unique 
dual 
coupler 
design 
provides 
maximum 
DC and 
AC 
circuit 
isolation 
between 
each 
input 
and 
output 
while 
achieving 
TTL 
circuit 
compability. 
The 
isolator 
operational 
parameters 
are guaranteed 
from 
-55°C 
to +125°C, 
such 
that 
a minimum 
input 
current 
of 10 mA in each channel 
will sink a 
six gate 
fanout 
(10 mAl 
at the output 
with 
4.5 to 5.5 V Vcc 
applied 
to 
the 
detector. 
This 
isolation 
and 
coupling 
is 
achieved 
with a typical 
propagation 
delay of 55 nsec. 


Hewlett-Packard's 
new 
high 
reliability 
part 
type 
8102801 EC 
meets 
Class 
B testing 
requirements 
of 
MIL-STD-883. 
This 
part 
is 
the 
recommended 
and 
preferred 
device 
from 
the 
6N134 
product 
family 
for 
use in high 
reliability 
applications. 
Details 
of the 
8102801 EC test 
program 
may 
be seen in the 
data sheet for this part. The 6N134TXV 
and 6N134TXVB 
parts 
remain 
available. 
For further 
information 
on these 
parts con- 
tact your field salesman. 


DUAL CHANNEL 
HERMETICALLY 
SEALED 
OPTOCOUPLER 


hpYYWWXX 


6N134 


0 


3.811.150) 


MIN. 


DIMENSIONS 
INMllLIMETRES 
AND (INCHES). 


Recommended 
Operating 
Conditions 


TABLE I 


Sym. 
Min. 
Max. 
Units 


Input 
Current. 
Low Level 
I 


250 I 
Each Channel 
t 
IFL 
0 
IJA 
Input Current, 
High Level 


Each Chan nel 
IFH 
12.5t 
20 
mA 
Supply 
Voltage 
VCC 
4.5 
5.5 
V 
Fan Out (TTL Load) 


I 
6 
Each Channel 
N 


Operating 
Temperature 
TA 
I -55 
125 
°c 
Absolute Maximum Ratings* 


(No derating 
required 
up to 125°C) 


Storage Temperature 
-65°C 
to +150°C 
Operating 
Temperature 
-55°C 
to +125°C 
Lead Solder Temperature. 
. . . . . . . . . . . . . .. 
260°C for 
10s 


(1.6mm 
below 
seating plane) 


Peak Forward 
In put 
Current 
(each channel) 
40 mA 
(.;; 1 ms Duration) 
Average 
Input 
Forward 
Current 
(each channel) 
20 mA 
Input 
Power Dissipation 
(each channel) 
35 mW 


Reverse Input 
Voltage 
(each channel) 
. . . . . . . . . . . . . . .. 
5V 


Supply 
Voltage 
- Vcc 
7V (1 minute 
maximum) 


Output 
Current 
- 10 (each channel) 
. . . . . . . . . . . . .. 
25 mA 
Output 
Power Dissipation 
(each channel) 
. . . . . . . . .. 
40 mW 


Output 
Voltage 
- Vo 
(each channel) 
. . . . . . . . . . . . . . . .. 
7V 


Total 
Power Dissipation 
(both 
channels) 
350 mW 


112.5 mA condition 
permits at least 20% CTR degradation 
guardband. 
Initial 
switching 
threshold 
is lOmA 
or less. 


TABLE II 
Electrical Characteristics 
OVER RECOMMENDED TEMPERATURE 
(TA = -55°C 
TO +125°C) UNLESS OTHERWISE NOTED 


Parameter 
Symbol 
Min. 
Typ.** 
Max. 
Units 
Test Conditions 
Figure 
Note 


High Level Output Current 
IOH* 
5 
250 
/lA 
VCC = 5.5V, Vo = 5.5V, 
1 
IF = 250/lA 


Low Level Output Voltage 
VOL* 
0.5 
0.6 
V 
Vcc = 5.5V, IF ~ 10mA 
4 
1,9 
IOL (Sinking) = 10mA 


High Level Supply Current 
leCH* 
18 
28 
mA 
Vce = 5.5V, IF = 0 
(Both Channels) 


Low Level Supply Current 
leCL* 
26 
36 
mA 
Vcc = 5.5V, IF = 20mA 
(Both Channels) 


Input Forward Voltage 
VF. 
1.5 
1.75 
V 
IF = 20 mA, TA = 25°C 
1 
1 


VF 
1.85 
V 
IF = 20 mA 
1 
1 


Input Reverse 
BVR* 
5 
V 
IR = 10/lA, TA = 25°C 
1 


Breakdown Voltage 


Input-Output 
11-0 * 
1.0 
/lA 
VI-O = 1500Vdc, 
2 


Leakage Current 
Relative Humidity = 45% 
TA = 25°C, t= 
5s 


Propagation Delay Time to 
tpLH• 
65 
90 
ns 
RL = 510n, CL = 15pF, 
2,3 
1,5 


High Output 
Lellel 
IF = 13mA, TA = 25°C 


Propagation Delay Time to 
tpHL. 
55 
90 
ns 
RL = 510n, CL = 15pF 
2,3 
1,6 


Low Output Level 
IF = 13mA, TA = 25°C 


TABLE III 
Typical Characteristics 
AT TA = 25°C, Vcc = 5V 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Figure 
Note 


Input Capacitance 
CIN 
60 
pF 
VF = 0, f= 
lMHz 
1 


Input Diode Temperature 
/:"yF 
-1.9 
mV/oC 
IF = 20mA 
1 
Coefficient 
ATA 


Resistance (Input-Output) 
RI-o 
1012 
n 
VI-o = 500V 
3 


Capacitance (Input-Output) 
CI-o 
1.7 
pF 
f = lMHz 
3 


Input-Input 
11-1 
0.5 
nA 
Relative Humidity'" 
45% 
4 


Leakage Current 
VI_I = 500V, t = 5s 


Resistance (Input-Input) 
RI-I 
1012 
n 
VI_I = 500V 
4 


Capacitance (Input-Input) 
CI_1 
0.55 
pF 
f= 
lMHz 
4 


Output Rise Time (10-90%) 
tr 
35 
ns 
RL '" 5100, CL '" 15pF 
1 
Output Fall Time (90-10%) 
tf 
35 
ns 
IF = 13mA 


Common Mode 
CMH 
100 
VI/ls 
VCM = 10V (peak), 
6 
1, 7 
Transient Immunity 
Vo (min.) = 2V, 
at High Output 
Level 
RL = 510n, 
IF = OmA 


Common Mode 
CML 
-400 
Vl/ls 
VCM = 10V (peak), 
6 
1,8 


Transient Immunity 
Vo (max.) = 0.8V 


at Low Output 
Level 
RL = 510n, 
IF = 10mA 


NOTES: 
1. 
Each 
channel. 


2. 
Measured 
between 
pins 
1 through 
8 shorted 
together 
and 
pins 
9 
through 
16 shorted 
together. 
3. 
Measured 
between 
pins 
1 and 
2 or 
5 and 
6 shorted 
together, 
and 
pins 9 through 
16 shorted 
together. 
4. 
Measured 
between 
pins 
1 and 
2 shorted 
together, 
and 
pins 5 and 6 
shorted 
together. 
5. 
The 
tpLH 
propagation 
delay 
is measured 
from 
the 
6.5mA 
point 
on 
the 
trailing 
edge 
at 
the 
input 
pulse to the 
1.5V point 
on the trailing 


edge of the output 
pulse. 


6. 
The tPHL 
propagation 
delaY is measured 
from 
the 
6.5mA 
point 
on 
the 
leading 
edge 
of the 
input 
pulse to the 
1.5V point 
on the leading 
edge of the output 
pulse. 


7. 
CMH 
is the 
max. 
tolerable 
common 
mode 
transient 
to 
assure 
that 
the 
output 
will remain 
in a high logic state 
(Le.; Va > 2.QV). 


8. 
CML 
is the 
max. 
tolerable 
common 
mode 
transient 
to 
assure 
that 
the 
output 
will remain 
in a low logic state 
(Le.; Va < O.8V). 


9. 
It is essential that a bypass capacitor 
(,01 to 0.1~F, ceramic) be con- 


nected from pin lata 
pin 15. Total lead length between both ends of 


the cap~cjtor and the isolator pins should not exceed 20mm. 
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Features 


• 
RECOGNIZED 
BY DESC· 


• 
HERMETICALLY 
SEALED 


• 
MIL-STD-883 
CLASS 
B TESTING 


• 
HIGH 
SPEED 


• 
PERFORMANCE 
GUARANTEED 
OVER -55°C TO 


+125°C AMBIENT 
TEMPERATURE 
RANGE 


• 
TTL COMPATIBLE 
INPUT 
AND 
OUTPUT 


• 
DUAL-IN-L1NE 
PACKAGE 
• 
1500 VDC 
WITHSTAND 
TEST 
VOLTAGE 


• 
HIGH 
RADIATION 
IMMUNITY 
Applications 


• 
MILITARY/HIGH 
RELIABILITY 
SYSTEMS 


• 
LOGIC 
GROUND 
ISOLATION 


• 
LINE 
RECEIVER 


• 
COMPUTER 
- 
PERIPHERAL 
INTERFACE 


• 
VEHICLE 
COMMAND/CONTROL 
ISOLATION 


• 
SYSTEM 
TEST 
EQUIPMENT 
ISOLATION 
Description 


The 8102801 EC is the DESC selected 
item drawing 
assigned 
by 000 for the 6N134 optocoupler 
which 
is in accordance 
with 
MIL-STD-883 
class B testing. 
Operating 
characteristic 


curves 
for this port can be seen in the 6N134 data sheet. 


The 
8102801 EC 
consists 
of 
a pair 
of 
inverting 
optically 
coupled 
gates, each with a light emitting 
diode and a unique 
high 
gain 
integrated 
photon 
detector 
in 
a hermetically 
sealed 
ceramic 
package. 
The output 
of the detector 
is an 
open collector 
Schottky 
clamped 
transistor. 


This unique 
dual coupler 
design 
provides 
maximum 
DC and 
AC circuit 
isolation 
between 
each 
input 
and output 
while 
achieving 
TTL circuit 
compatibility. 
The isolator 
operational 
parameters 
are guaranteed 
from -55° C to +125° C, such that 
a minimum 
inputcurrentof 
10 mA in each channel 
will sink a 
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six gate fanout 
(10 mAl 
at the output 
with 4.5 to 5.5 V Vcc 


applied 
to 
the 
detector. 
This 
isolation 
and 
coupling 
is 
achieved 
with a typical 
propagation 
delay of 55 nsec. 


The 
photo 
ICs used 
in this 
device 
are less susceptible 
to 


radiation 
damage 
than 
PIN photo 
diodes 
or photo 
transis- 
tors due to their 
relatively 
thinner 
photo 
region. 


The following 
test program 
is performed 
on the 8102801 EC. 


Recommended 
Operating 
Conditions 


Supply 
Voltage 
4.5 V dc minimum 
to 
5.5 V dc maximum 
High 
Level Input 
Current[11 
12.5 mA dc minimum 


(each channel) 


Low Level Input 
Current 
250 J.LAdc maximum 


(each channel) 


Normalized 
Fanout 
(TTL Load) 
6 maximum 


(each channel) 


Operating 
Temperature 
Range 
-55°C 
to +125°C 


1. This condition permits at least 20 percent hF(CTR I degradation. 


The initial switching threshold is 10 mA dc or less. 


Supply 
Voltage 
Range 
7 V dc 


Input 
Current 
(each channel) 
20 mA dc 


Storage 
Temperature 
Range 
-65°C 
to +150°C 
Maximum 
Power 
Dissipation 
(both 
channels) 
.. 
350 mW 
Lead Temperature 
(soldering 
10 seconds) 
......•... 
300°C 
for 10 seconds 
Junction 
Temperature 
(TJ) 
...•................. 
175°C 


'Defense 
Electronic Supply Center (DESC) is an agency of the Department of Defense (000). 


5-95 


• 


Test Screen 
Method 
Conditions 
1. Precap Internal Visual 
2010 
Condition 
8 
2. High Temperature Storage 
1008 
Condition 
C, TA= 150·C, 


Time = 24 hours minimum 
3. Temperature Cycling 
1010 
Condition 
C, -65·C to +150·C, 
10 cycles 
4. 
Constant Acceleration 
2001 
Condition 
A, 5KG's, Yl axis oniy 
5. 
Fine Leak 
1014 
Condition A 
6. 
Gross Leak 
1014 
Condition 
C 
7. 
Interim Electrical Test 
- 
Optional 
8. 8urn-ln 
1015 
Condition 
8, Time = 160 hours minimum 
TA = +125·C, Vcc = 5.5V,IF = 13 mA, 
10= 25 mA IFigure 1) 


9. 
Final Electrical Test 
- 
Group A, Subgroup 1, 10% PDA applies 
Electrical Test 
Group A, Subgroup 2 
Electrical Test 
Group A, Subgroup 3 
10. External Visual 
2009 
Quality Conformance Inspection 


GROUP 
A ELECTRICAL 
PERFORMANCE 
CHARACTERISTICS 


Group A 
pmits 


Test 
Symbol 
Conditions 
SubgroupS£61 Min. 
Max. 
Unit 


Low Level Output Voltage 
VOL 
Vcc = 5.5 V; IF = 10 mAl.; 
1,2,3 
- 
0.6 
V 
10L= 10 mA 


Current Transfer Ratio 
hF (CTR, 
Vo = 0 6 V; IF = 10 mA;ll 
1,2,3 
100 
- 
~/o 


Vcc =5.5 V 


High Level Output Voltage 
10H 
Vcc = 5.5 V; Vo = 5.5 Vi1I; 
1,2,3 
- 
250 
p.Adc 


IF = 250 f.l.A 


High Level Supply Current 
ICCH. 
Vee = 5.5 V; IFl = IF2= 0 mA 
1,2,3 
- 
28 
mAdc 


Low Level Supply Current 
IceL 
Vec = 5.5 V; IFl = IF2= 20 mA 
1,2,3 
- 
36 
mAdc 


Input Forward Voltage 
VF 
IF = 20 mA'lj 
1,2 
- 
1.75 
V dc 


3 
- 
1.85 


Input Reverse Breakdown 
Voltage 
VBR 
IR= 10 f.l.A111 
1,2,3 
5.0 
- 
V dc 


Input to Output 
VIO= 1500 V dCI2,; 


Leakage Current 
h-o 
Relative Humidity = 45 percent 
1 
- 
1.0 
f.l.Adc 


t = 5 seconds 


Capacitance 8etween 
InpuUOutput 
CI-O 
f= 1 MHz; Te=25·C 
3 
4 
- 
4.0 
pF 


Propagation 
Delay Time, 
RL = 510 0; CL = 50 pFI1,4; 
9 
- 
100 
Low to High Output Level 
tPLH 
IF= 13 mA 
ns 


10, 11 
- 
140 


Propagation 
Delay Time, 
RL = 5100; 
CL = 50 pFtl, 5; 
9 
- 
100 
High to Low Output Level 
tPHL 
IF = 13 mA 
ns 


10, 11 
- 
120 


Output Rise Time 
tLH 
RL = 510 nil'; 
9,10,11 
- 
90 


Output Fall Time 
tHL 
CL = 50 pF; 
- 
40 
ns 


IF = 13 mA 


Common Mode Transient 
CMH 
VCM= 10 V (peak);lll 
9,10,11 
40 
- 
V/p.s 
Immunity at High 
Vo=2 
V minimum" 


Output Level 
RL=5100; 
IF=OmA 


Common Mode Transient 
CML 
VCM= 10 V Ipeakl;j11 
9,10,11 
-60 
- 
V/f.l.S 
Immunity at Low 
Vo=0.8 
V maximum; 


Output Level 
RL=5100; 
IF=10mA 


Notes: 1. Each channel. 


2. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 
3. Measured between input pins 1 and 2, or 5 and 6 shorted together and output pins 10, 12, 14 and 15 shorted together. 
4. The tPLHpropagation delay is measured from the6.5 mA point on the trailing edge of the input pulse to the 1.5V point on the trailing 
edge of the output pulse. 


5. The tPHLpropagation delay is measured from the6.5 mA point on the leading edge of the input pulse to the 1.5V point on tl:l.e.Jeading 


edge of the output pulse. 


6. Conditions 
of Group A SUbgroups may be seen in the High Reliability section of this catalog. 


Test 
Method 
Conditions 
LTPD 


Subgroup 
1 
Physical Dimensions 
INot required if 
2016 
2 Devices 
Group D is to be performed I 
(0 failures) 


Subgroup 2 
4 Devices 
Resistance to Solvents 
2015 
(0 failures) 


SUbgroup 
3 
Solderability 
2003 
Soldering Temperature of 260 ± 10°C 
15 


(LTPD applies to number of leads 
for 10 seconds 
13Devices 
inspected - 
no fewer than 3 devices 
shall be used\. 


Subgroup 4 
Internal Visual and Mechanical 
2014 
1 Device 


(May be performed at precap J 
(0 failures) 


SUbgroupS 
Bond Strength 
2011 
Test Condition 
D 
15 
Thermocompression: 
(4 Devices, 


Performed at precap, prior to seal 
LTPD applies to number of bond 
pulls from a minimum of 4 devices .. 


Subgroup 
6 
Internal Water Vapor Content 
- 
- 


, Not applicable - 
does not contain 
desiccant I 


Subgroup 
7 
Fine Leak 
- 
- 
Gross Leak 
Not applicable - 
performed in 
100% screen J 


SUbgroup 
8" 
Electrical Test 
Group A, Subgroup 1, except Ii-o 
15 


Electrostatic 
Discharge Sensitivity 
3015 


Electrical Test 
Group A, SUbgroup 1 
'ITo be performed at initial qualification 
only 


Test 
Method 
Conditions 
LTPD 


Subgroup 
1 
Steady State Life Test 
1005 
Condition 
B, Time = 1000 hours total 
5 
TA = +125°C, Vcc = 5.5 V, 
IF= 13 mA, 10= 25 mA ,Figure 1 


Endpoint Electricals at 1000 hours 
Group A, SUbgroup 1, 2, 3 


SUbgroup 
2 
Temperature Cycling 
1010 
Condition 
C, -65°C to ~1SOoC, 
15 
10 cycles 


Constant Acceleration 
2001 
Condit on A, 5KGs, Yl axis only 


Fine Leak 
1014 
Condition 
A 


Gross Leak 
1014 
Condition C 


Visual Examination 
1010 
Per Visual Criteria of Method 1010 


Endpoint Electricals 
Group A, Subgroup 
1, 2, 3 


• 


GROUP 
D TESTING 
MIL-STD-883, 
METHOD 
5005 (CLASS 
B DEVICES) 


Test 
Method 
Conditions 
LTPD 


Subgroup 1 
Physical Dimensions 
2016 
15 


Subgroup 2 
Lead Integrity 
2004 
Test Condition 
62 
lead fatigue 
15 
Fine Leak 
1014 
Condition 
A 
Gross Leak 
1014 
Condition C 
Lid Torque' 
2024 


" Not applicable - 
solder seal' 


Subgroup 
3 
Thermal Shock 
1011 
Condition 
B, (-55·C to +125·C 
15 
15 cycles min. 


Temperature Cycling 
1010 
Condition 
C, ·65·C to +150·C, 


100 cycles min. 


Moisture ResIstance 
1004 
Fine Leak 
1014 
Condition A 
Gross Leak 
1014 
Condition 
C 
Visual Examination 
Per Visual Criteria of Method 1004 
Endpoint Electricals 
Group A, Subgroup 
1, 2, 3 


Subgroup 
4 
Mechanical Shock 
2002 
Condition 
B, 15OOG,t = 0.5 ms, 
15 
5 blows in each orientation 
Vibration Variable Frequency 
2007 
Condition A 
Constant Acceleration 
2001 
Condition A, 5KGs, Y1aXIs only 
Fine Leak 
1014 
Condition 
A 
Gross Leak 
1014 
Condition 
C 
Visual Examination 
1010 
Per Visual Criteria of Method 1010 
Endpoint Electricals 
Group A, Subgroup 1, 2, 3 


SUbgroupS 
Salt Atmosphere 
1009 
Condition A min. 
15 
Fine Leak 
1014 
Condition 
A 
Gross Leak 
1014 
Condition 
C 
Visual Examination 
1009 
Per Visual Criteria of Method 1009 


SubgroupS 
Internal Water Vapor 
1018 
3 Devices 
Content 
o failures 
5 Devices 
(1 failure 


SUbgroup 7 
Adhesion of Lead Finish 
2025 
15 


Vee 
Vee 
+5.5 V 
+5.5 v 
200n 


1 
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Figure 1. Burn-In Circuit 
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Features 


• 
125°C EXTENDED TEMPERATURE PART AVAILABLE[1) 
• HERMETICALLY SEALED 
• CONFORMANCE TO MIL-STD-883 
• HIGH DENSITY PACKAGING 
• HIGH CURRENT TRANSFER RATIO: 500% TYPICAL 
• CTR AND IOH GUARANTEED OVER -55°C 
TO 100°C AMBIENT TEMPERATURE RANGE[1) 
• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 
• 1500 Vdc WITHSTAND TEST VOLTAGE 
• LOW INPUT CURRENT REQUIREMENT: 0.5 mA 
• LOW OUTPUT SATURATION VOLTAGE: 0.1V TYPICAL 


• LOW POWER CONSUMPTION 
• HIGH RADIATION IMMUNITY 


• Isolated Input Line Receiver 
• System Test Equipment Isolation 
• Digital Logic Ground Isolation 
• Vehicle Command/Control 
Isolation 
• EIA RS-232C Line Receiver 
• Microprocessor 
System Interlace 
• Current Loop Receiver 
• Level Shilling 
• Process Control Input/Output 
Isolation 
Description 


The 
6N140 
contains 
four 
GaAsP 
light 
emitting 
diodes, 


each 
of 
which 
is optically 
coupled 
to a corresponding 
integrated 
high 
gain 
photon 
detector. 
A common 
pin for 
the photodiodes 
and first stage of each detector 
IC (Vcc) 
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Outline Drawing' 
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permits 
lower 
output 
saturation 
voltage 
and higher 
speed 
operation 
than 
possible 
with 
conventional 
photo- 
darlington 
type 
optocouplers. 
Also, the separate 
Vcc 
pin 
can be operated 
with supply 
voltages 
as low as 2.0V with- 


out adversely 
affecting 
the parametric 
performance. 


The 
outstanding 
high 
temperature 
performance 
of this 
split 
Darlington 
type 
output 
amplifier 
results 
from 
the 
inclusion 
of an integrated 
emitter-base 
bypass 
resistor 
which 
shunts 
photodiode 
and first stage leakage currents 
to ground. 


The high 
current 
transfer 
ratio 
at very low input 
currents 
permits 
circuit 
designs 
in which 
adequate 
margin 
can be 
allowed 
for the effects 
of CTR degradation 
over time. 


The 6N140 
has a 300% minimum 
CTR at an input 
current 
of only 
0.5mA 
making 
it ideal for use in low input 
current 


applications 
such 
as MOS, 
CMOS 
and 
low 
power 
logic 
interfacing 
or 
RS-232C 
data 
transmission 
systems. 


Compatibility 
with 
high 
voltage 
CMOS 
logic 
systems 
is 
assured 
by the 18V Vcc 
and by the guaranteed 
maximum 
output 
leakage 
(IOH) at 18V. 


Important 
specifications 
such 
as CTR, 
leakage 
current, 


supply 
current 
and 
output 
saturation 
voltage 
are 
guaranteed 
over the -55°C 
to 100°C 
temperature 
range\11 


to allow trouble 
free system operation. 


Hewlett-Packard's 
new 
high 
reliablity 
part 
type 


6N140/883B 
meets 
Class 
B testing 
requirements 
of MIL- 


STD-883. 
This 
part 
is the 
recommended 
and 
preferred 


device from the 6N140 product 
family 
for use in high relia- 


bility 
applications. 
The 6N140TXV 
and 6N140TXVB 
parts 


remain 
available. 
For further 
information 
on these 
parts 
contact 
your field salesman. 


TABLE I 
Recommended operating 
Conditions 


Absolute Maximum Ratings* 


Symbol 
Min. 
Max. 
Units 


Input 
Current, 
Low Level 
IFL 
2 
IlA 
(Each Channel) 


Input 
Current, 
High Level 
fFH 
0.5 
5 
mA 


(Each Channell 


SupplV Voltage 
VCC 
2.0 
18 
V 


Storage 
Temperature 
-65°C 
to +150°C 


Operating 
Temperature 
-55°Cto+l00°cllj 


Lead 
Solder 
Temperature 
260°C 
for 10s. 


(1.6mm 
below 
seating 
plane) 


Output 
Current, 
10 (each 
channel) 
40 mA 
Output 
Voltage, 
Vo 
(each 
channel) 
-0.5to 
20 V [2] 


Supply 
Voltage, 
VCC 
-0.5to 
20vI2) 


Output 
Power 
Dissipation 
(each 
channel) 
50 mW[3j 


Peak 
Input 
Current 
(each 
channel, 


~ 1 ms duration) 
20 mA 


Average 
Input 
Current, 
IF (each 
channel) 
.. ,.. 
10 mA[41 


Reverse 
Input 
Voltage, 
VR (each 
channel) 
5V 
TABLE 
II. 
Electrical Characteristics 


Parameter 
Symbol 
Min. 
Typ: 
Max. 
Units 
Test Conditions 
Fig. 
Nole 


300 
1000 
% 
fF=0.5mA, 
Vo-Oo4V, Vcc=4.5V 
Current 
Transfer 
Ratio 
eTR' 
300 
750 
% 
IF=1.6mA. 
Vo=0.4V, 
Vcc=4.5V 
3 
S.6 


200 
400 
% 
Ir-SmA, 
Vo=O.4V, Vcc=4.SV 


Logic 
Low Output 
Voltage 
VOL 
.1 
A 
V 
IF=.SmA, IOL=1.5mA, 
Vcc=4.SV 
2 
5 
.2 
.4 
V 
IF=SmA, IOL=10mA, Vcc=4.SV 


Logic 
High Output 
Current 
10HX 
.OOS 
2S0 
p.A 
fF - 2 p.A (channel 
under testl 
~ 
fOH" 
Vo=Vcc=18V 
5 


Logic 
Low Supply 
Current 
fCCL" 
2 
4 
mA 
IF1=IF2-IF3-IF4-1.6mA 
Vcc=18V 


Logic 
High Supply 
Current 
fCCH' 
.010 
40 
p.A 
IF1=IF2-IF3-IF4-0 
Vcc=18V 


Input 
Forward 
Voltage 
VF" 
1.4 
1.7 
V 
lr-l.6mA. 
TA=2SoC 
1 
S 


Input 
Reverse Breakdown 
BVR' 
5 
V 
fR=10p.A, TA=2SoC 
5 
Voltage 


tnput-Output 
InsulatIon 
Ii-o' 
1.0 
p.A 
4S% Relative 
Humidity, 
TA=2SoC, 
8 
Leakage 
Current 
1=Ss., VI-o=15oo 
Vdc 


Propagation 
Delay Time 
2S 
60 
p's 
Ir-O.SmA. 
RL=4.7kO, 
Vcc=5.0V, 
TA=2SoC 
8 
5 


To Logic 
High At Output 
tPLH' 
10 
20 
IF=5mA. 
RL=6800, 
Vcc=5.0V, 
TA=2SoC 
8 
S 
P.s 


Propagation 
Delay Time 
tPHL' 
3S 
100 
p.s 
IF=O.SmA, RL=4.7kn, 
Vcc-S.OV, 
TA-25°C 
8 
S 
To Logic 
Low At Output 
2 
S 
p's 
Ir-SmA, 
RL-680n, 
Vcc-S.OV, 
TA-25°C 
8 
5 


Common 
Mode Transient 
IF=O, RL=1.5kn, 
Rcc-O 
5, 


Immunity 
At Logic 
High 
CMH 
500 
1000 
Vlp.s 
IVCMI=50Vp-p, 
VCC=S.OV, TA=25°C 
9 
11,13 


Level Output 


Common 
Mode Transient 
IF=1.6 mA, RL=l.Sk!1, 
Rcc=O 
S, 


Immunity 
At Logic 
Low 
CML 
-SOO -1000 
V/p.s 
IVCMI=SOVp-p, Vcc=S.OV, 
TA=25°C 
9 
12, 13 


Level Output 


TABLE 
III. 
"AII 
tYPicalvaluesareatVcc=SV,TA 
= 25°C. 


Typical Characteristics T A = 25°C, 
Vcc 
= 5V 
Each Channel 


Parameter 
Symbol 
Mln, 
Typ. 
Max. 
Unlls 
Test Conditions 
Fig. 
Note 
Resistance 
{Input-Output, 
RI-O 
1012 
n 
VI-O=Soo Vdc, TA-2SoC 
5,9 


Capacitance 
(Input-Outputl 
CI-O 
1 S 
pF 
f=lMHz, 
TA=2SoC 
S,9 


Input-Input 
Insulation 
h-I 
0.5 
nA 
4S% Relative 
Humidity, 
VI_I=SOOVdc, 
10 
Leakage 
Current 
TA=2SoC, t=5s. 


Resistance 
(lnput-lnpull 
RI_! :. 
1012 
{) 
V,-I=500Vdc. 
TA=25° C 
10 


Capacitance 
Iinput-fnpul\ 
CI-I 
1 
pF 
f=1MHz, 
TA=2SoC 
10 


Temperature 
Coefficient 
.iVF 
-1.8 
mVI 
fF=1.6mA 
5 
of Forward 
Voltage 
.lTA 
'C 
Input 
Capacitance 
CIN 
60 
pF 
f-1MHz, 
Vr-O, 
TA-25°C 
S 


NOTES: 
1. 1250 C part also available, 
contact 
HP field sales office 
lor ordering 
information. 


2. 
Pin 
10 
should 
be 
the 
most 
negative 
voltage 
at 
the 
detector 
side. 


Keeping 
Vcc 
as low as possible, 
but greater 
than 
2.0 volts, 
will 
provide 
lowest 
total 
IOH over 
temperature. 


3. 
Output 
power 
is collector 
output 
power 
plus 
one fourth 
of total 
supply 


power. 
Derate 
at 1.25 mWI"C 
above 
80°C. 


4. 
Derate 
IF at 0.25 mArC 
above 
80°C. 


5. 
Each 
channel. 


6. 
CURRENT 
TRANSFER 
RAno 
is 
defined 
as 
the 
ratio 
of 
output 


collector 
current, 
10, to the forward 
LED input 
current, 
IF, times 
100%. 


7. 
IF=2~A 
for 
channel 
under 
test. 
For all other 
channels, 
IF=10mA. 


8. 
Device 
considered 
a two-terminal 
device: 
Pins 
1 through 
8 are shorted 


together 
and 
pins 
9 through 
16 are shorted 
together. 


Measured 
between 
each 
input 
pair 
shorted 
together 
and 
all 
output 


pIns. 


10. Measured 
between 
adjacent 
input 
pairs 
shorted 
together, 
I.e. between 


pins 
1 and 
2 shorted 
together 
and 
pins 
3 and 
4 shorted 
together, 
etc 


11. 
CMH is the maximum 
tolerable 
common 
mode 
transient 
to assure 
that 
the 
output 
will 
remain 
in a high 
logic 
state 
ILe. 
Va > 2.0VI. 


12. 
CML is the maximum 
tolerable 
common 
mode 
transient 
to assure 
that 


the 
output 
will 
remain 
in a low 
logic 
state' 
Le. Vo < 0.8V 
. 


13. In applications 
where 
dV/dt 
may 
exceed 
50,000 
V/J,Ls 
(such 
as a static 
discharge) 
a series 
resistor, 
Ree, 
should 
be included 
to protect 
the 


detector 
Ie's 
'rom 
destructively 
high 
surge 
currents. 
The 
recom- 
mended 
value 
is Ree 
•• __ 
'_V_ 
kn. 
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Figure 1. Input Diode Forward Current 
Y$. 
Forward Voltage. 
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Figure 7. Propagation 
Delay Y5. Input Diode 
Forward Current. 
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Figure 2. Normalized DC Transfer 
Characteristics. 
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Figure 5. Propagation 
Delay to Logic Low 
ys. Input Pulse Period. 
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Figure 3. Normalized Current Transfer 
Ratio Y5. Input Diode Forward 
Current. 
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Figure 8. SWitching Test Circuit.· 
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Figure 10. Recommended 
drive circuitry 
using TTL logic. 


PART 
NUMBERING 
SYSTEM 
HIGH RELIABILITY 
TEST PROGRAM 


Method 
5004 and 5005 
Hewlett-Packard 
has upgraded 
their standard 
high reliability 


Commercial 
Product 
of MIL-STD-883 
testing 
programs 
to conform 
with MIL-M-38510. 
With certain 
clarifications 
of 
testing 
conditions 
listed 
below, 
the 883B 


6N140 
6N140/883B 
part 
fUlly 
complies 
with 
Class 
B testing 
of MIL-STD-883. 


Testing 
consists 
of 
100% screening 
to 
Method 
5004 
and 


200n 
Vec 
+18V 
Voc 
+2.4V 
Quality 
Conformance 
to Method 
5005 of MIL-STD-883. 
The 
1 
16=J 
200n 
883B suffix 
identifies 
this Class B equivalent. 
~2 
15 
TYP, 


lOon 
>-- 
3 
,. 
6N140/883B 
Clarifications: 
• 
13 


V,N 
5 
'2 
. 
I. 
100% screening 
per MIL-STD-883, 
Method 
5004 


2.4V 
200n 
>-- 
6 
11 


+r 


200n 
f-- 
7 
'0=-1 
1. Constant 
acceleration 
- 
condition 
A not E 
8 
9- 
TA = +100°C(1] 
2. Burn-in 
conditions 
per Figure 
11. 
-= 
- 


Figure 11. Burn-in Circuit 
II. Quality 
Conformance 
per MIL-STD-883, 
Method 
5005 


Group 
A 


SUbgroup 
1 
LTPD 


Static 
tests at TA = 25·C, 
10H, ICCL, ICCH. CTR. VF. BVA and hlo 
5 


Subgroup 
2 


Static 
tests at TA = +100· Ci 1 . 10H. leCL, ICCH. CTR 
7 


Symbol 
Min. 
Max. 
Units 
Test Condillons 


VF 
18 
V 
IF = 1.6 mA 


BVA 
3 
V 
IA = 10 /'A 


SUbgroup 
3 


Static 
tests at TA = -55·C, 
10H, Icel. 
ICCH. CTR 
7 


Symbol 
Min. 
Max. 
Units 
Test Conditions 


VF 
1.8 
V 
IF=1.6mA 


BVA 
3 
V 
IA=10/,A 


Subgroup 
4. 5. 6. 1and 8 


These 
subgroups 
are non-applicable 
to this device type. 


Subgroup 
9 


Switching 
tests at TA = 25·C. 
tPLH1. tpHL1, tPLH2. tPHL2. CMH and CML 
7 


SUbgroup 
10 


SWitching 
tests at TA = +100· C·l 
10 


Symbol 
Max. 
Units 
Test Conditions 


tPlHl 
300 
/,s 
IF = 0.5 mA. RL = 4.70 
Vce = 5.0V 


tPlH2 
80 
/,s 
IF= 
5 mA. Rl = 6800 
Vee = 5.0V 


tPHL1 
200 
/,s 
IF = 0.5 mA, Rl = 4.70 
Vee= 
5.0V 


tPHL2 
10 
/,s 
IF = 
5 mA, Rl = 6800 
Vcc= 
5.0V 


Subgroup 
11 


SWitching 
tests at T A = -55· C 
10 


Symbol 
Max. 
Units 
Test Conditions 


tPLHl 
300 
/,s 
IF = 0.5 mA. RL = 4.70 
Vcc = 5.0V 


tPlH2 
80 
/'5 
IF= 
5 mA. Rl = 6800 
Vce = 5.0V 


tPHL1 
200 
jJ.5 
IF = 0.5 mA. Rl = 4.70 
Vcc 
=5.0V 


tPHL2 
10 
/'5 
IF= 
5 mA, Rl = 6800 
Vec=5.0V 


Limits and Conditions 
per Table II 


Group 
B 
Group 
0 


Per Method 
5005 
1. Constant 
acceleration 
- 
condition 
A not E. 


Group 
C 
2. 
Internal 
water 
vapor 
content 
- 
not performed. 


1. Steady 
state life conditions 
per Figure 
11. 


2. Constant 
acceleration 
- 
condition 
A not E. 
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CATHODE 
_ 
13 


IB 
GNO 
- 
16 
VB 


~ 


~ 
~~c 


7 
IF 
ANODE: 
¥ 
~ 
9 
8 
VF 
Va 


CATHODE 
_ 


10 
IB 
GND 
- 
12 
VB 


• HERMETICALLY 
SEALED 
• CONFORMANCE TO MIL-STD-883 


• HIGH SPEED: TYPICALLY 400k biVs 


• PERFORMANCE GUARANTEED 
OVER -55°C 
TO +125° C AMBIENT TEMPERATURE RANGE 


• STANDARD 
HIGH RELIABILITY 
SCREENED 
PARTS AVAILABLE 


• 2 MHz BANDWIDTH 


• OPEN COLLECTOR 
OUTPUTS 


• 18 VOLT Vcc 
• DUAL-IN-L1NE PACKAGE 


• 1500 Vdc WITHSTAND 
TEST VOLTAGE 


• HIGH RADIATION 
IMMUNITY 


DUAL CHANNEL 
HERMETICAllY 
SEALED 
OPTOCOUPlER 


4N55 
4N55/8838 


Outline 
Drawing 


rTVPE f-. v. VB)f 
8.131.320) 
MAX. 


~ 


•. 321.1701 
I. 
20.06~ 
.1 
MAX. 
I 
20.83 1.820) 
. 
t 


I 
I 


V1\ITfiMm 
r'~'- 


--L 
MIN. 


I 
I 
=t 
f 


; 
~2.29LQW 
0.61(.020) 
I~ 
~ 
1- 
2.791.110) 
MAX. 
--J 


3.811.150) 
MIN. 


The 4N55 consists 
of two completely 
isolated opto- 
couplers in a hermetically sealed ceramic package. Each 
channel has a light emitting 
diode and an integrated 
photon detector providing 1500 Vdc electrical isolation 
between input and output. Separate connections for the 
photodiodes and output transistor collectors improve the 
speed up to a hundred times that of a conventional photo- 
transistor 
optocoupler 
by reducing the base-collector 
capacitance. 


The 
4N55 
is 
suitable 
for 
wide 
bandwidth 
analog 
applications, as well as for interfacing TTL to LSTTL or 
CMOS. Current Transfer Ratio (CTR) is 9% minimum at IF 
= 16mA over the full military operating temperature range, 


m= 


-t 


7.37 .290:r~ 
,- 


'U!L!!m 
0.331.013) 
I 


• HIGH RELIABILITY 
SYSTEMS 


• LINE RECEIVERS 


• DIGITAL LOGIC GROUND ISOLATION 


• ANALOG SIGNAL GROUND ISOLATION 


• SWITCHING 
POWER SUPPLY FEEDBACK 
ELEMENT 


• VEHICLE COMMAND/CONTROL 


• SYSTEM TEST EQUIPMENT 


• LEVEL SHIFTING 


-55°C to +125°C. The 18VVcc capability will enable the 
designer to interface any TTL family 
to CMOS. The 
availability 
of 
the 
base lead allows 
optimized 
gain/ 


bandwidth 
adjustment 
in 
analog 
applications. 
The 
shallow 
depth 
of the 
IC photodiode 
provides 
better 
radiation 
immunity 
than conventional 
phototransistor 
couplers. 


Hewlett-Packard's new high reliability part type 4N55/883B 
meets Class B testing requirements for MIL-STD-883. This 
part is the recommended and preferred device from the 
4N55 product family for use in high reliability applications. 
The 4N55TXV and 4N55TXVB parts remain available. For 
further 
information 
on these parts contact 
your field 
salesman. 


____ . __ 
••..•.••...• 
~••.•.VI 
I.~IIlVVI 
V. 


L"ClU 
;:,oloer 
I emperature 
............ 
260° C for 
10 S 
CA UTlON: 
The small junction 
sizes inherent to the design'of this 


(1.6mm 
below 
seating 
plane) 
bipolar 
component 
increases the component's 
susceptibility 
to 


Average 
Input 
Current, 
IF (each 
channel) 
20mA 
damage from electrostatic 
discharge 
(ESD). It is advised that 
...... 
normal static precautions 
be taken in handling 
and assembly of 


Peak 
Input 
Current, 
IF (each 
this component to prevent damage and/or degradation which may 


channel, 
::; 1ms duration) 
.................. 
40mA 
be induced by ESD. 


Reverse 
Input 
Voltage, 
VR (each 
channel) 
......... 
5V 
TABLE I. 


Input 
Power 
Dissipation 
(each 
channel) 
...... 
36mW 
Recommended 
operating 
Average 
Output 
Current, 
10 (each 
channel) 
..... 
8mA 
Peak Output 
Current, 
10 (each 
channel 
J 
....... 
16mA 
Conditions 
(EACH CHANNEL) 
Supply 
Voltage, 
Vee 
(each 
channel) 
..... 
-0.5V 
to 20V 
Output 
Voltage, 
Vo (each 
channel) 
...... 
-0.5V 
to 20V 
Symbol 
Min. 
Max. 
Units 


Emitter 
Base 
Reverse 
Voltage, 
VEBO 
............ 
3.0V 
Input Current, low 
level 
IFL 
250 
IiA 


TABLE II. 
Supply Voltage 
Vcc 
2 
18 
V 


Electrical Characteristics 
TA = -55° C to +125° C, unless 
otherwise 
specified 


Parameter 
Symbol 
Min. 
Typ." 
Max. 
Units 
Test Conditions 
Fig. Note 


Current 
Transfer 
Ratio 
CTR' 
9 
20 
% 
IF=16mA, 
Vo=O.4V, 
Vee=4.5V 
2,3 
1,2 


Logic 
High 
Output 
Current 
IOH 
20 
100 
p.A 
IF=O, IF (other 
channel)=20mA 
4 
1 
Vo=Vec=18V 


Output 
Leakage 
Current 
10HI' 
70 
250 
p.A 
IF=250p.A, 
IF (other 
channel)=20mA 
4 
1 
Vo=Vee=18V 


Logic 
Law 
Supply 
Current 
Icel' 
35 
200 
p.A 
IFI=IF2=20mA, 
Vee=18V 
5 
1 


Logic 
High 
Supply 
Current 
lecH' 
0.2 
10 
p.A 
IF=OmA, 
IF lother 
channelJ=20mA 
1 
Vee=18V 


Input 
Forward 
Voltage 
W' 
1.5 
1.8 
V 
IF=20mA 
1 
1 


Input 
Reverse 
Breakdown 
BVR' 
3 
V 
IR=10p.A 
1 
Voltage 


Input-Output 


Ii-o' 
1.0 
p.A 
45% Relative 
Humidity, 


3 
Leakage 
Current 
TA=25°C, 
t=5s, 
VI-0=1500Vdc 


Propagation 
Delay 
Time 
tPlH' 
2.0 
6.0 
P.s 
Rl =8.2Kfl, 
Cl =50pF 
6,9 
1 
to Logic 
High 
at Output 
IF=16mA, 
Vee=5V 


Propagation 
Delay 
Time 
tPHl' 
0.4 
2.0 
P.s 
Rl =8.2Kf1, 
Cl =50pF 
6,9 
1 
to Logic 
Low 
at Output 
IF16mA, 
Vee=5V 


'JEDEC Registered Data. 


Notes: 
•• All typical values are at Vcc = 5V, TA = 25° C. 


1. Each channel. 
2. Current Transfer Ratio is defined as the ratio of output collector 
current, 
10,to the forward lED input current, 
IF, times 100%. CTR is 


known to degrade slightly 
over the unit's lifetime as a function 
of input current, temperature, 
signal duty cycle and system on time. 


Refer to Application 
Note 1002 for more detail. In short it is recommended 
that designers allow at least 20-25% guardband 
for CTR degradation. 


3. Measured between pins 1 through 
8 shorted together and pins 9 through 
16 shorted together. 
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Figure 1. 
Input 
Diode 
Forward 
Characteristic. 
Figure 2. 
DC and Pulsed Transfer 
Characteristic 


TABLE III. 
Typical Characteristics 
at TA=25°C 


Parameter 
Symbol 
Typ. 
Units 
Test Conditions 
Fig. Note 


Temperature Coefficient 
'::'VF 
-1.9 
mV/oC 
IF=18mA 
1 
of Forward Voltage 
.HA 


Input Capacitance 
Cin 
120 
pF 
f=1 MHz, VF=O 
1 


Resistance (Input-Output 
I 
RI-o 
1012 
fl 
VI-o=500 Vdc 
1 


Capacitance IInput-Output 
CI-O 
1.0 
pF 
f=1 MHz 
1,4 


Input-Input 
Insulation 
Ii-I 
1 
pA 
45% Relative Humidity, 
5 
Leakage Current 
VH=500Vdc, t=5s 


Capacitance IInput-lnpun 
CH 
.55 
pF 
f=1 MHz 
5 


Transistor DC Current Gain 
hFE 
150 
- 
Vo=5V, lo=3mA 
1 


Small Signal Current 
'::'10 
21 
% 
Vcc=5V, Vo=2V 
7 
1 
Transfer Ratio 
"IiF 


Common M0de Transient 
IF=O,RL=8.2kfl 
Immunity at Logic High 
CMH 
1000 
V//ls 
VCM=10Vp-p 
10 
1,6 


Level Output 
Vo (min.)= 2.0 V 


Common Mode Transient 
IF=16mA, RL=8.2kfl 
Immunity at Logic Low 
CML 
-1000 
V//lS 
VCM=10Vp-p 
10 
1,7 
Level Output 
Vo Imax-l= 0.8 V 


Bandwidth 
BW 
2 
MHz 
RL=100fl 
8 
8 I 


Notes Icant. I: 
4. Measured between each input pair shorted together and the output pins for that channel shorted together. 
5. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together. 
6. CMH is the steepest slope IdV/dtl on the leading edge of the common mode pulse. VCM,for which the output will remain in the 
logic high state li.e. Va> 
2.0 V). 


7. CML is the steepest slope, dV/dt Ion the trailing edge of the common mode pulse, VCM,for which the output will remain in the 
logic low state Ii.e. Va < 0.8 V). 
8. Bandwidth is the frequency at which the ac output voltage is 3dB below the low frequency asymptote. 


I 
It· 


NORMALIZED 
TO- 


eTR 
AT IF "'16mA. 


TA '"'25 
C 


50 
! 


0 
1- 
T~ •• ~C 
TA·25'C 
,,~~ 
, 
45 


! 
F 
'" ·'8mA 
f- 
-5 
X 
X\.'I 
ill 
40 
!g 
a: 
I 
/ 
TA ·+~C 
, 
RLol00n~\~ 
a: 
35 
w 
:> 
'/V(Lt 
'" 
-'0 
Rt. 0 22O!l 
" 
z 
RL04700n 
~\ 
>- 
30 
0 
t 
ill 
.I 
:A 
I 
w 
-'5 
RI.°,.ll 
\ 
:> 
25 
I'l/ 
a: 
\' 
'" 
I 
i 
8 
~ 
20 
N 
I 
'" 
i 
::l 
-20 
" 
" 
\ 
a 
'5 
~j 
:l1 
I 


a: 
I 
9 
10 
0 
, 
b.~' 
z 
-25 
I 
, ,..J 
~ 
5 
,,,.. 
,II' 
I 
'li 


00 
-30 
'0 
5 
10 
'5 
20 
25 
.0' 
0.1 
'.0 


IF - 
INPUT 
DIODE 
FORWARD 
CURRENT 
- 
mA 
f - 
FREQUENCY 
- 
MHz 


Figure 5. 
Logic 
Low 
Supply 
Current 
V5. Input 
Diode 
Forward 
Current. 
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is a worst 
case 
design 
which 
takes 
into 
account 
25% 
degradation 
of eTR. 
See 
App. 
Note 
1002 
to assess 
actual 
degradation 
and lifetime. 
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Figure 12. Burn-in Circuit 


Hewlett-Packard 
has upgraded 
their standard 
high reliability 
testing 
programs 
to conform 
with MI L-M-3851 O.With certain 
clarifications 
of testing 
conditions 
listed 
below, 
the 8838 
part 
fUlly complies 
with 
Class 
B testing 
of MIL-STD-883. 


Testing 
consists 
of 100% screening 
to Method 
5004 and 
Quality 
Conformance 
to Method 
5005 of MIL-STD-883. 
The 
8838 suffix 
identifies 
this Class 8 equivalent. 


4N55/883B 
Clarifications: 


I. 
100% screening 
per MIL-STD-883, 
Method 
5004. 


1. Constant 
acceleration 
- 
condition 
A not E. 
2. Burn-in 
conditions 
per Figure 
12. 


II. Quality 
Conformance 
per MIL-STD-883, 
Method 
5005. 


I 


LTPO 


Subgroup 1 


Static tests at TA = 25·C, 10H.aVR, ICCL,lcCH, CTR, VF IOH1and hlo 
5 
Subgroup 2 


Static tests at TA = +125·C, 10H.BVR ICOL.ICCH,CTR, VF and 10Hl 
7 


Subgroup 3 


Static tests at TA = -55·C, 10H,BVR IOCL lOCH,eTR, VF and 10Hl 
7 


Subgroups 4, 5, 6, 7 and 8 


These sUbgroups are non-applicable 
to this device type 


SUbgroup 9 


SWitching tests at TA = 25· C. tPLHand tPHL 
7 


Subgroup 10 


Switching tests at TA = +125·C, tPLHand tPHL 
10 


Subgroup 11 


SWitching tests at TA = -55·C, tPlH and tPHL 
10 


GroupB 


Per Method 5005 


Group C 


1. Steady state life conditions 
per Figure 12. 
2. Constant acceleration - 
condition A not E. 


Group 0 


1. Constant acceleration - 
condition A not E. 


2. Internal water vapor content - 
not performed. 


I 


6. Fiber Optics 


• 
Snap-in Rber Optic Link 
• 
Miniature Fiber Optic Link 
• 
High Performance Modules 


• Cables 
• 
Connector Assembly Tooling Kit 


• 
Multiplexer 
• 
Detectors 


Flin- HEWLETT 
~~ 
PACKARD 


Fiber Optics 


Three major families of fiber 
optic components 
offer a wide 
range of application 
solutions. 


The design and specification 
of each of these three families 
allow easy design-in 
and 
provide guaranteed 
end-to- 
end performance. 


Hewlett-Packard's 
method 
of 
specification 
assures 
guaranteed 
link performance 
and easy design-in. The 
transmitter 
optical 
output 
power and receiver sensitivity 
are specified 
at the end of a 
length of test cable. These 
specifications 
take into 
account 
variations over 
temperature 
and connector 


tolerances. 
All families of 


components 
incorporate 
the 
fiber optic connector 
receptacle 
in the transmitter 
and receiver packages. 
Factory alignment 
of the 


emitter 
inside the connector 
receptacle 
minimizes the 


variation 
of optical 
output 
power. resulting in smaller 


dynamic 
range requirements 
for the receiver. The 
guaranteed 
distance 
and 
data 
rates for various 
transmitter/receiver 
pairs are 
shown in the following 
selection guide. 


Hewlett-Packard 
offers a 
choice 
of fiber optic cable, 


either glass fiber or plastic, 
simplex or duplex, factory- 
connectored 
or bulk. 
Connector 
attachment 
in 
each case has been designed 
for your production-line 
economy. 


Plastic Snap-In Link 
Components 


Low-cost and ease of use 
make this family of link 
components 
well-suited for 
applications 
connecting 
computers 
to terminals. 
printers, plotters and industrial- 
control equipment. 
These links 
are rugged, 
1 mil Iimetre 
diameter 
plastic fiber cable. 


Assembling 
the plastic snap-in 
connectors 
onto the cable 
is 


extremely easy. The HFBR-D500 
evaluation 
kit contains 
a 
complete 
working link 
including 
transmitter, 
receiver, 


5 metres of connectored 
cable, 
extra connectors, 


polishing kit and technical 
literature. 


Miniature 
Link Components 


Thisfamily offers a wide range 
of performance 
choices for 
computer. 
industrial-control 


and military applications. 
The 
design of the optical 
coupling 
system between 
lens and 
small-diameter 
glass fiber 
makes this family of 
components 
very reliable. Both 
HP-style and SMA-style 
connectors 
are available. 
The 
HFBR-D200evaluation 
kit 
contains 
transmitter, 
receiver, 


10 metres of connectored 
cable 
and technical 
literature. 


High Performance 
Modules 


Transparent TIL-TILlink 
capability 
and independence 
from data format 
restrictions 
make this family of modules 
easy to use in a variety of 
applications. 
A link monitor on 
the receiver provides a digital 
indication 
of link continuity, 


independent 
of the presence 
of data. The modules are 
compatible 
with HP-style 
connectors 
and small- 
diameter 
glass fiber cable. A 
transmitter, 
receiver, 10 metres 
of connectored 
cable 
and 
technical 
literature are 
contained 
in the HFBR-D010 
evaluation 
kit. 


RS-232/V.24 to Fiber Optic 
Multiplexer 


The 39301A 16-channel 
RS-232CjV.24 to fiber optic 
mUltiplexer allows the 
extension of up to 16 
independent 
19.2 Kbps full 
duplex channels 
to distances 
up to 1250m. 


Page 
Products/Part Nos. 
Description 
No. 


Evaluation 
Kit 
HFBR-0500 
HFBR-1501 Transmitter, 
HFBR-2501 Receiver, 5 metre connectored cable, 
6-5 
connectors, 
polishing kit, literature 


Transmitter /Receiver Pairs 
Guaranteed Distance' 
Guaranteed Data-Rate' 


HFBR-1501/HFBR-2501 
17 metre 
5 MBd 
HFBR-1502/HFBR-2502 
29 metre 
1 MBd 


Cables 
Simplex 
Duplex 
Cable Length 
HFBR-3501 
- 
0.1 metre 
HFBR-3502 
HFBR-3602 
0.5 metre 
HFBR-3503 
HFBR-3603 
1.0 metre 
HFBR-3504 
HFBR-3604 
5.0 metre 
connectored 
HFBR-3505 
HFBR-3605 
10.0 metre 
HFBR-3506 
HFBR-3606 
15.0 metre 
HFBR-3507 
HFBR-3607 
20.0 metre 
HFBR-3508 
HFBR-3608 
25.0 metre 


HFBR-3589 
HFBR-3689 
25.0 metre 
HFBR-3590 
HFBR-3690 
100.0 metre 
unconnectored 
HFBR-3591 
HFBR-3691 
500.0 metre 


Connectors 
HFBR-4501 
Gray Connector /Crimp Ring 
HFBR-4511 
Blue Connector/Crimp 
Ring 


Polishing Kit 
HFBR-4595 
Polishing fixture, 
abrasive paper 


Page 
Products/Part Nos. 
Description 
No. 


Evaluation 
Kit 
HFBR-1201 Transmitter, 
HFBR-2201 Receiver, 10 metre HFBR-3001 Mounting 
6-13 


HFBR-0200 
Hardware 


Transmitter /Receiver Pairs 
HP Style Connectors 
SMA Style Connectors 
Guaranteed Distance' 
Guaranteed Data Rate' 
HFBR-1201/-2201 
HFBR-1202/-2202 
800 metre 
5 MBd 
6-21, 


HFBR-1201/-2203 
HFBR-1202/-2204 
1200 metre 
40 MBd 
6-25 


HFBR-1203/-2201 
HFBR-1204/-2202 
1800 metre 
5 MBd 
HFBR-1203/-2203 
HFBR-1204/-2204 
2100 metre 
40 MBd 


Transceivers, 
20 MBd (modified to 40 MBd) 
HP Style Connectors 
SMA Style Connectors 
Guaranteed Distance 
Data Format 
6-33 


HFBR-0221 
HFBR-0222 
1100 metre 
33 to 67% duty factor (for 
use with code schemes 
such as Manchester) 


HFBR-0223 
HFBR-0224 
625 metre 
STD 95% duty factor (for 
use with code schemes 
such as NRZI 


Cables 
Simplex 
Duplex 


HFBR-3000 
HFBR-3100 
Customer specified length, connectored 
(HFBR-4000 connector) 
6-53 
(OPT001) 
(OPT001) 


HFBR-3000 
HFBR-3100 
Customer specified length, connectored 
(SMA style connector) 


(OPT002) 
(OPT002) 


HFBR-3200 
HFBR-3300 
Customer specified length, unconnectored 
6-55 


HFBR-3001 
10 metres connectored 
(HFBR-4000 connector) 


HFBR-3021 
10 metres connectored 
(SMA style connector) 


Connectors 
HFBR-4000 
Metal body, metal ferrule 
6-57 


HFBR-3099 
Connector-connector 
junction, 
bulkhead feedthrough 
for HFBR-4000 connector 


I 


Page 
Products/Part Nos. 
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No. 


Connector Assembly Tools 
HFBR-0100 
Field installation 
kit for HFBR-4000connectors (includes case, tools, 
6-59 
consumables) 


HFBR-0101 
Replacement consumables for HFBR-0100Kit 
HFBR-0102 
Custom tool set only 


Mounting Hardware 
HFBR-4201 
PCBmounting bracket, EMI shield, misc. hardware for 
6-13 
HFBR-1201/' 1203/-2201/·2203 
HFBR-4202 
PCBmounting bracket, EMI shield, misc. hardware for 
HFBR-1202/-1204/-2202/-2204 


High Performance 
Module 
Family: 
Glass fiber 
(100/140 
I'm), Precision 
metal 
connectors, 
TTL compatible 
output, 
Link 
monitor, 
Transparent 
3-level 
code 


Page 
Products/Part Nos. 
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No. 


Evaluation Kit 
HFBR-0010 
HFBR-1001Transmitter, 
HFBR-2001Receiver, 10 metre connectored cable, 


literature 


Transmitter /Receiver Pairs 
Guaranteed Distance> 
Guaranteed Data Rate- 
Connector Style 
HFBR-1001/-2001 
180 metre 
10 MBd 
HFBR-4000 
6-41 
HFBR-1002/-2001 
1500 metre 
10 MBd 
HFBR-4000 
6-45 


Cables 
Simplex 
Duplex 
HFBR-3000 
HFBR-3100 
Customer specified length, connectored (HFBR-4000connector) 
6-53 
(OPT001) 
(OPT001) 


HFBR-3000 
HFBR·3100 
Customer specified length, connectored (SMA style connector) 
(OPT002) 
(OPT002) 
HFBR-3200 
HFBR-3300 
Customer specified length, unconnectored 
6·55 
HFBR·3001 
10 metres connectored (HFBR-4000connector) 
HFBR-3021 
10 metres connectored (SMA style connector) 


Connectors 
HFBR-4000 
Metal body, metal ferrule 
6-57 
HFBR-3099 
Connector-connector junction, bulkhead feedthrough for HFBR·4000connector 


Connector Assembly Tools 
HFBR·0100 
Field installation 
kit for HFBR-4000connectors (includes case, tools, 
6-59 
consumables) 


HFBR-0101 
Replacement consumables for HFBR·0100Kit 
HFBR-0102 
Custom tool set only 
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RS-232-C/V.24 to Fiber Optic Multiplexer 


39301A Multiplexer 
1250 metres length, 19.2 kbps/channel 
data rate, 16 channels RS-232-C 
6-61 
Input/Output 
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No. 


5082-4200 Series 
High Speed PIN Photodiodes for use in Fiber Optic Applications 
6-67 


F/idl HEWLETT 
~e. PACKARD 


Features 


• 
LOW COST 
PLASTIC 
DUAL-IN-L1NE 
PACKAGE 


• 
SNAP-IN 
CONNECTOR 


• 
665 nm EMITTER 
OPTIMIZED 
FOR PLASTIC 


CABLE 


• 
EASY FIELD 
TERMINATIONS 


• 
SHIELDED 
RECEIVER 
FOR HIGH 
NOISE 


IMMUNITY 


• 
OPERATION 
TO 22 METRES 
- 
GUARANTEED 
OVER TEMPERATURE 


• 
DC TO 5 MBaud 
DATA 
RATE 


• 
LSTTLITTL 
COMPATIBLE 
OUTPUT 
LEVEL 


• 
CHOICE 
OF INTERNAL 
PULL-UP 
OR OPEN 
COLLECTOR 
OUTPUT 


• 
STANDARD 
OR SPECIAL 
LENGTH 
CABLES 


• 
SINGLE 
+5V RECEIVER 
POWER 
SUPPLY 


• 
COLOR 
CODED 
TRANSMITTER 
AND 
RECEIVER 


• 
SIMPLEX 
AND 
ZIP CORD 
STYLE 
DUPLEX 


CABLE 


Applications 


• 
EMC REGULATED 
SYSTEMS 
(FCC, VDE) 


• 
INTER/INTRA-SYSTEM 
DATA 
LINK 


• 
STATIC 
PROTECTION 


• 
HIGH 
VOLTAGE 
ISOLATION 


• 
MEDICAL 
EQUIPMENT 


• 
SECURE 
DATA 
COMMUNICATIONS 


SNAP-IN 
FIBER OPTIC LINK 


HFBR-0500 
TO 
HFBR-4595 


Description 


The HFBR-0500 
series is a complete 
family 
of fiber optic link 
components 
for configuring 
low-cost, 
short distance 
digital 


data transmission 
links. These components 
are designed 
to 


mate with 
plastic 
snap-in 
connectors 
and low-cost 
plastic 
fiber cable. Link design 
is simplified 
by the logic compatible 
receivers 
and the ease of terminating 
the plastic 
fiber cable. 


The key parameters 
of links configured 
with the HFBR-0500 
family 
are fUlly guaranteed. 
The HFBR-0500 
evaluation 
kit 
contains 
all the 
components 
and 
literature 
necessary 
to 


evaluate 
a working 
link. 
• 


HFBR-4501/4511 
CONNECTOR' 


[ 


,6(,300' 


:l8(1.SOl/> 
2.2(;09,o 


q 
:.,,~ 
; 
, 


25.'(1.00)~ 


HFBR·15XXl250X 
r-F(:3---' 
MODULE 
71 (280' 
12.7 
'!- 
o~' 


5.3 (.210) 
I.- 19.1 (.75)--1 
Llf{(ffi1\J. ~ 
~'ln·n]'L~t~ 


2.5MIN r-J~'L 
I 
(.100) 
• 


0.65 
MAX 
~ 
, 


C.025) 
2.5 
: 
~ 


(.10) 
. 
• 


All 
DIMENSIONS 
IN mm 
(INCHES) 
ALL 
DIMENSIONS 
to.25 
mm UNLESS 
OTHERWISE 
SPECIFIED 


Ordering Guide 


Connectored 
Plastic Fiber Optic Cable 
Single 
Dual 
Channel 
Channel 
Length' 
(metres) 


Customer 
Specified 


0.1 
0.5 


1 
5 
10 
15 
20 
25 


HFBR-3501 
HFBR-3502 
HFBR-3503 
HFBR-3504 
HFBR-3505 
HFBR-3506 
HFBR-3507 
HFBR-3508 


HFBR-3602 
HFBR-3603 
HFBR-3604 
HFBR-3605 
HFBR-3606 
HFBR-3607 
HFBR-3608 


"All cable lengths are +10%, -0% tolerance. 


"HFBR-3500, 
HFBR-3600 Ordering Information 
These cable assemblies of customer 
specified 
length, have 
factory installed connectors. The length must be specified in 1 
metre increments. The mandatory OPT001, specifies the number 
of assemblies of equal length ordered. 
EXAMPLE: To order 3 Duplex cable assemblies, 21 metres 
each, specify 


HFBR-3600 
Quantity 63 
OPT 001 
Quantity 3 


Modules/Connectors 
HF8R-1510/1501/1502 
Transmitters 


HFBR-2501/2502 
Receivers 
HFBR-4501 
Gray Connector/Crimp 
Ring 


HFBR-4511 
Blue Connector/Crimp 
Ring 


Unconnectored 
Plastic Fiber Optic Cable 


Single 
Dual 
Length' 


Channel 
Channel 
(metres) 


HFBR-3589 
HFBR-3689 
25 


HFBR-3590 
HFBR-3690 
100 
HFBR-3591 
HFBR-3691 
500 


HFBR-4595 
Polishing Kit 
Polishing 
Fixture 
- 
Abrasive 
Paper 


HFBR-0500 
Evaluation 
Kit 
HFBR-1510 
Transmitter 
I Gray 


HFBR-2501 
Receiver 
(Bluel 


HFBR-3504 
5m Connectored 
Cable 


HFBR-4501 
Connector/Crimp 
Ring (Gray 


HFBR-4511 
Connector/Crimp 
Ring (Blue I 


HFBR-4595 
Polishing 
Kit 
Technical 
Literature 


The first 
step in designing 
the link 
is to choose 
either 
the 
HFBR-1510/2501, 
HFBR-1501/2501 
or 
the 
HFBR-1502/ 


2502 Transmitter/Receiver 
pair based on the data-rate 
and 
distance 
requirements. 
The 
value 
of the transmitter 
drive 


current, 
IF, must be determined 
next from 
Figure 
2. For the 
HFBR-1510/2501 
and 
HFBR-1501/2501 
pairs 
(Figure 
2A 
and 2B), note that there 
is an upper as well as a lower 
limit 
on the value 
of IF for any given 
distance. 
The dotted 
lines 
in Figure 
2A, 2B and 2C represent 
pUlsed operation. 
When 
operating 
in the 
pulsed 
mode, 
the 
conditions 
in Note 
1 
must be met. 


After selecting 
a value forthe 
transmitter 
drive current 
IF,the 
value of R, in Figure 
1 can be calculated 
as follows: 


Vcc 
- 
VF 
R,=---- 
IF 


For the HFBR-1502/2502 
pair, the value of the capacitor, 
C, 


I Figure 
1B I, must be chosen 
such that R, C1 275 
ns. 


B. 
HFBR-1502/HFBR-2502 
Link (1 MBaud, S;22m) 


Figure 1. Typical Circuit Configuration 


Recommended operating Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 
ReI. 


AMBIENT TEMPERATURE 
TA 
0 
70 
~C 


TRANSMITTER 
Peak Forward Current 
IF PK 
10 
750 
mA 
. Note 1 


Avg. Forward Current 
IFAV 
60 
mA 


RECEIVER 
Supply Voltage 
Vcc 
4.75 
5.25 
V 
Note 2 


Fan-Out 
TTL 
N 
5 


CABLE 
Long Term Bend Radius 
r 
35 
mm 
NOle 3 


Long Term Tensile Load 
FT 
1 
N 
system Performance 


Parameter 
I Symbol 
Min. 
Typ. (17) 
Max. 
Units 
I Conditions 
I Ref. 


HFBR-1S10/HFBR-2501. 
HFBR-1S01/HFBR-2501 


Data Rate 
dc 
5 
MBd 
BER S 10-9 


Transmission 
Distance 
8 
m 
IFPK= 60 mA. 0-70~C 


HFBR-1510/HFBR-2501 
Q 
13 
m 
IFPK= 60 mA. 25~C 


Transmission 
Distance 
10 
m 
IFPK= 60 mA. o-70~C 
Q 
HFBR-1501/HFBR-2501 
17 
m 
IFPK= 60 mA. 2S~C 


Propagation 
Delay 
tPLH 
140 
ns 
RL = 560 n. CL = 30 pF 
Fig. 5. 3 


tPHL 
140 
ns 
-21.6 S <l>RS -9.5 dBm 
Note 4 


Pulse Width Distortion 
tSK 
30 
ns 
<l>R= -15 dBm 
Fig. 4 
NoteS 
HFBR·1502IHFBR·2502 


Data Rate 
dc 
1 
MBd 
BERS 10-9 


Transmission 
Distance 
16 
m 
IFPK= 60 mA. 0-70aC 
HFBR-1S02!HFBR-2502 
Q 
23 
m 
IFPK= 60 mA. 25° C 


TransmissIon 
DIstance 
22 
m 
IFPK= 120 mA. 0-70~C 


ISOOfoDuty Factor Max. 


Q 
29 
m 
IFPK= 120 mA. 25°C 


Propagation Delay 
tPLH 
250 
ns 
RL = 560n, CL = 30 pF 
Fig. 5. 3 


tPHL 
140 
ns 
PR= -24 dBm 
Note 4 


Pulse Width Distortion 
tSK 
80 
ns 
PR= ·24 dBm 
Fig. 4 
Note 5 


HFBR·150X/250X 
EMI Immunity 
8000 
VIm I BER <10-9 
I 


500 
1000 
,~ I 
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400 
,/" 


800 
" 


800 
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~.... 


600 
\,' 
I 
600 
I 


I 
400 
, 
" 


400 
I 
I 
200 
, 
I 
, "s; 
; 
I 
I 
"'.... 
2S.A 


300 
-.- 
300 
, 
, 
•.. 
,'JI/ 
_ .... 
I 
200 
, 
I 
I 
~ 
200 
100 


~ 


~,~l I 
' 
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Figure 2A. System Performance with 
Figure2B. SystemPerformancewith 
Figure2C. SystemPerformancewith 
HFBR-1510and HFBR·2501 
HFBR·1501and HFBR·2501 
HFBR-1502and HFBR-2502 


I 


Transmitters 
HFBR-1510/1501/1502 
Transmitter 


N.C. 


The gray 
plastic 
HFBR-1510/1501/1502 
Transmitter 
1 
•••••••. 
..L.8 


modules incorporate 
a 665nm LED targeted at the low 
ANODE 


attenuation window for the HFBR-3500/3600 plastic fiber 
2 I 
, ~ 


CATHODE- 
optic cable. The transmitters can be easily interfaced to 
3 


standard TTL 
logic. The optical 
power output 
of the 
CATHODE 


4 
HFBR-1510/1501/1502 is specified at the end of 0.5m of 
N.C.- 
cable. 
--/ 
Ts 
N.C. 


Absolute Maximum Ratings 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Storage Temperature 
Ts 
-40 
+75 
°C 


Operating Temperature 
TA 
0 
+70 
°C 


Lead Soldering Cycle 
I 
Temp 
260 
°C 
Note 6 
I 
Time 
10 
see 


Peak Forward Input Current 
IFPK 
1000 
mA 
Note 7 


Average Forward Input Current 
IFAV 
80 
mA 


Reverse Input Voltage 
VA 
5 
V 


Electrical/Optical 
Characteristics 
(Cant.) O°C to +lO°C Unless Otherwise 
Specified 


Parameter 
Symbol 
Min. 
Typ. (17) 
Max. 
Units 
Conditions 
Ref. 


HFBR·1510 
-165 
-84 
dBm 
IF= 60 mA, 0-70°C 
Pr 
-13.3 
-9.2 
dBm 
IF=60 mA, 25°C 


Transmitter Output 
HFBR·1501 
-14.8 
-8.4 
dBm 
IF= 6OmA.0-70° C 
Note 8 
Pr 
Optical Power 
-11.7 
-9.3 
dBm 
IF= 60mA. 25°C 
Note 9 


HFBR·1502 
Pr 
-13.6 
-5.5 
dBm 
IF= 60mA, 0-70°C 


·10.4 
-6.4 
dBm 
IF= 60mA, 25° C 


Output Optical Power 
.lPr 
-0026 
dB/oC 
Temperature Coefficient 
t;T 


Peak Emission Wavelength 
APK 
665 
nm 


Forward Voltage 
VF 
1.45 
1.67 
2.02 
V 
IF=60 mA 


Forward Voltage 
6.VF 
-1.37 
mV;oC 
Temperature Coefficient 
6T 


Effective Diameter 
Dr 
1 
mm 


Numerical Aperture 
NA 
0.5 


Reverse Input Breakdown Voltage 
VSA 
5.0 
12.4 
V 
IF=-10p.A. TA=25°C 


Diode Capacitance 
Co 
86 
pF 
VF=O. f= 1 MHz 


WARNING: When viewed under some conditions. the optical port of the Transmitter may expose the eye beyond the Maximum 
Permissible Exposure recommended in ANSI Z-136-1. 1981.Under most viewing conditions there is no eye hazard. 


Receivers 
HFBR·2501/2502 
Receiver 


Vo 
The blue plastic HFBR-2501/2502 Receiver modules feature 
1 
"";""""\. 
.J..8 
a shielded 
integrated 
photodetector 
and wide bandwidth 
N.C.- 


~ 
:~ 
DC amplifier 
for high EMI immunity. 
A Schottky clamped 
GROUND .! 
open-collector 
output transistor allows interfacing 
to coro- 
1 R1J~!l- 
mon logic families and enables "wired-OR" circuit designs. 
GROUND 2- 


The open collector 
output is specified up to 18V. An inte- 
4 
10Q0!l 
.~ 
Vcc 
grated 1000 ohm resistor internally connected 
to Vcc may 
--/ 
Ts 
be externally jumpered to provide a pull-up for ease-of-use 
RL 
with +5V logic. The combination of high optical power levels 
and fast transitions 
falling edge could result in distortion 
of 
the output 
signal 
(HFBR-2502 
only), 
that could 
lead to 
multiple 
triggering 
of following 
circuitry. 
Optical 
power 
waveshaping 
circuitry 
as in Figure 1B may be required for 
proper link operation. 


Absolute Maximum Ratings 


Parameter 
SymbOl 
Min. 
Max. 
Units 
Ref. 


Storage Temperature 
Ts 
-40 
+75 
·C 


Operating Temperature 
TA 
0 
+70 
·C 


Lead Soldering Cycle 
I 
Temp 
260 
·C 
Note 6 
I 
Time 
10 
see 


Supply Voltage 
VCC 
-0.5 
7 
V 


Output Collector Current 
10 
25 
mA 


Output Collector Power Dissipation 
POD 
40 
mW 


Output Voltage 
Vo 
-0.5 
18 
V 


Pull up Voltage 
VAL 
-0.5 
Vcc 
V 


Electrical/Optical Characteristics 
(Cant.) 
DOC to +7DoC 
Unless 
Otherwise 
Specified 


Parameter 
Symbol 
Min. 
Typ.(17) 
Max. 
Units 
Conditions 
Ref. 


Receiver Input Optical 
HFBR-2501 
PAIL) 
-21.6 
-9.5 
dBm 
0-70·C. Val = 0.5V 
Note 
Power Level for 
IOl=8 
mA 
9. 10 
Logic "0" 
-21.6 
-8.7 
dBm 
25° C. VOL = 0.5V 
IOL=8 
mA 


HFBR-25~ 
PAIL) 
-24 
dBm 
0-70·C. VOL= 0.5V 
IOL=8 
mA 


-24 
dBm 
25· C, VOL = 0.5V 
IOl=8 
mA 


Input Optical Power Level for Logic "1" 
PA (HI 
-43 
dBm 
VOH=5.25V, 
Note 9 
10H$ 250 p,A 


High Level Output Current 
IOH 
5 
250 
p,A 
Vo = 18V, PA = 0 
Note 16 


Low Level Output Voltage 
VOL 
0.4 
0.5 
V 
IOl=8 
mA. 
Note 16 
PA= PAL MIN 


High Level Supply Current 
ICCH 
3.5 
6.3 
mA 
Vcc = 5.25V, tPA=0 
Note 16 


Low Level Supply Current 
ICCL 
6.2 
10 
mA 
Vcc= 
5.25V, 
Note 16 
PR= -12.5 dBm 


Effective Diameter 
DA 
1 
mm 


Numerical Aperture 
N.A.A 
0.5 


Internal Pull-Up Resistor 
RL 
1000 
Ohms 


• 


The HFBR-3500/3600 
series cables 
contain 
1mm diameter 
plastic fibers. These cables are extremely 
easy to connector. 
Simplex 
(HFBR-35001 
and Duplex 
(HFBR-36001 
cables 
are 
available 
with or without 
factory 
installed 
connectors. 


~22mm~ 


~ 
~44mm~ 


Parameter 
Symbol 
Min. 
Max. 
Units 
Ref. 


Storage 
Temperature 
Ts 
-40 
+75 
°C 


Installation 
Temperature 
TI 
-20 
-170 
°C 


Tensile 
Force 
ISingle 
Channel i 
Fr 
50 
N._- 


IDual Channel 
Fr 
100 
N 
Note 11 


Cable/Connector 
Fr 
5 
N 


Bend Radius 
r 
10 
mm 
Note 12 


Flexing 
1000 
Cycles 
Note 13 


Impact 
m 
1 
kg 
Note 
14 
_. 


h 
15 
mm 


Parameter 
Symbol 
Min. 
Typ. (17) 
Max. I Units 
Conditions 
Ref. 


link 
Coupling 
Variation 
A<>LC 
0.9 
2.0 
dB 
Note 15 


Cable Attenuation 
<>0 
0.3 
0.45 
0.63 
dBm 
@665 nm Source 
NA = 0.5 


Numerical 
Aperture 
N.A. 
0.5 
Q? 2 m 
_. 


Diameter. 
Core 
Dc 
1.0 
rnm 


I----_._-- 


Diameter, 
Jacket 
OJ 
2.3 
mm 
I Simplex 
Cable 


Travel Time Constant 
IIV 
5.0 
nSHc/m 


m/Q 
-- 


Mass per Unit Length/Channel 
4.6 
gm 
Without 
Connectors 


Cable Leakage 
Current 
IL 
1 
nA 
50 kV. 
Q = 0 3m 
- 


Connectoring 
the cable 
is accomplished 
with the Hewlett- 


Packard 
HFBR-4595 
Polishing 
Kit consisting 
of a Polishing 


Fixture 
and 600 grit abrasive 
paper. No adhesive 
material 
is 
needed 
to secure 
the cable 
in the connector. 
and the con- 
nector 
can be used immediately 
after polishing. 


Connectors 
may be easily 
installed 
on the cable ends with 
readily 
available 
tools. 
Materials 
needed for the terminating 


procedure 
are: 


1) HFBR-3500/3600 
Fiber Optic 
Cable 


21 HFBR-4595 
Polishing 
Fixture. 
600 grit sand paper 


31 HFBR-4501 
Connector 
crimp 
ring (grayl 


41 HFBR-4511 
Connector 
crimp 
ring (bluel 


51 Industrial 
Razor Blade 
61 16 gauge 
latching 
wire strippers 
71 Crimp 
Tool. 
AMP 90364-2 


The zip cord structure 
of the HFBR-3600 
duplex 
cable per- 
mits easy separation 
of the channels. 
The channels 
should 
be separated 
approximately 
50 mm back from 
the ends to 
permit 
connectoring 
and polishing. 


After 
cutting 
the 
cable 
to 
the 
desired 
length. 
strip 
off 


approximately7 
mm 10.275 in) of the outer jacket with the 16 


guage 
wire strippers. 


Place the crimp 
ring and connector 
over the end of the cable; 


the fiber should 
pi otrude 
abollt 
3 mm 
0.120111 through 
the 
end of the connectOi 
Carefully 
positron 
the ling so that it is 
entirely 
on the connectol 
and 1I18n cnrnp 
the ring in place 
with the crimping 
tool 


NOTE: 
Place the gray connector 
on the cable end to be 


connected 
to the transmitter 
and the blue connector 
on 


the cable end to be connected 
to the receiver to maintain 


the 
color 
coding 
both 
connectors 
are 
the 
same 


mechanically 
I. 


Any excess fiber protrudmg 
from the connector 
end may be 


trimmed 
with 
the razor 
blade; 
however, 
the trimmed 
fiber 


should 
extend 
at least 1.5 rnm ,0.060 in 
from the connector 
end. 


Insert the connector 
fUlly Into the polishing 
fixture 
with the 


connector 
end protruding 
from 
the bottom 
of the fixture. 


NOTE: 
The 
four 
dots 
on 
the 
bottom 
of the 
polishing 
fixture 
are wear indicators. 
Replace 
the polishing 
fixture 


when any dot is no longer 
visible. 


Using 
a figure-eight 
motion 
of the polishing 
fixture 
on the 


600 grit abrasive. 
trim the fiber and the connector 
until the 


connector 
is flush with the end of the polishing 
fixture. 
The 


fiber 
end 
should 
be 
flat 
and 
smooth 
with 
no 
large 


irregularities. 


The cable can now be used. 
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Optic Power Measurement 


The optical 
power 
at the end of the HFBR-3500 
series 
Fiber 


Optic 
Cable 
can 
be easily 
measured 
using 
a large 
area 
Radiometer 
such 
as the 
EG&G-550, 
Photodyne 
88XL, 
or 
United 
Detector 
Technology 
S550, that has been calibrated 
at 
665 nm. 


The 
output 
optical 
power 
for 
the 
Transmitter 
has 
been 
specified 
at 
the 
end 
of 
0.5 
metres 
of 
HFBR-3500 
Fiber 


Optic 
Cable 
and 
can 
therefore 
be easily 
measured 
using 


one 
of the 
above 
instruments. 


Distances 
greater 
than 
22m 
10 - 70°CI, 
are achievable 
by 
using 
high 
peak current 
pulses 
to drive the Transmitter. 
IFAV 


must 
be limited 
to 80 mA and 
IFPK to 1000 mA. 
The 
pulse 
width 
must 
be controlled. 
(Note 
11. 


Figure 
8 shows 
a simple 
circuit 
suitable 
for RS-232 
applica- 
tions 
using 
the 
HFBR-1502 
Transmitter 
and 
HFBR-2502 


Receiver 
for 30 metre 
operation. 


IFPK = 500 mA (From 
Figure 
2B, £ = 31 m; 
IFAV = 25 mA at a 
Data 
Rate 
of 55 Kbd 
or less, 
Pulse 
Width 
Distortion 
< 25% 


(4.5!J.s max.1 


NOTE: 
IFPK up to 1000 mA may be used for distances 
up 


to 35m. 


An 
MOS 
clock 
driver 
may 
be used 
to provide 
transient 
current 
sinking 
capability 
up to 1000 mA. 


Even 
longer 
distances 
can 
be achieved 
using 
specially 


selected 
components 
- 
contact 
your 
local 
Hewlett- 


Packard 
Sales 
Representative. 


DATA 
IN J 
r-- 
150~'---j"L n_n 
n 
_ 
I--- 3.,.--+1 


1---4.5.'==:::J~ 
_ 


5.3Q 
+ IFpk ~ 500 mA 


4.71lF r-,- -~/. 


'2,3 
1/ 


~-- 
--"-HFBA-'502 
r------- 
1 
I 6 
5 I 


I 
II 
3 I 
I 
I 
I 
- __ 
-.J 
I 


I 
a 
6 
I 


I 
Ii. 965021 
L 
J 


NOTES: 
1. For IFPK> 80 mA, the duty factor must be such as to keep IFAV'; 80 mA. In addition, for IFPK>80 mA, the following 
rules for pulse width apply: 


IFPK'; 160 mA: 
Pulse width'; 
1 ms 
IFPK> 160 mA : Pulse width'; 
1 /'s 
2. It is essential that a bypass capacitor 
rO.01/,F to 0.1/,F ceramic 
I be connected 
from pin 3 to pin 4 of the receiver. Total lead length between 
both ends of the capacitor 
and the pins should not exceed 20 mm. 
3. See cable absolute maximum 
ratings for short-term 
bend radius and tensile load. 
4. The propagation 
delay of 1m of cable 15 nSI is included. 


5. tSK = tPLH - 
tPHL: RL = 500fl, CL = 30 pF. 


6.1.6 mm below seating plane. 
7.1 /'s pulse, 20 /'s period. 
8. Measured at the end of 0.5m HFBR-3502 Fiber Optic Cable with a large area detector. 
9 Optical 
flux, P (dBm) = 10 Log P (/,WI/1000 
/,W. 
10. Measured at the end of HFBR-3500 Fiber Optic Cable with large area detector. 
11. Less than 30 minutes. 
12. Less than 1 hour, non-operating. 
13.90° bend on 10 mm radius mandrel. 
14.1 Kg weight dropped 
from 15 mm height on 2.5 mm radius mandrel laid on cable. 
15. Included 
in PT and PA. 
16. RL is open. 
17. Typical data at 25°C, Vcc = 5 Vdc. 


F/iOW 
HEWLETT 


~~ 
PACKARD 


Features 
• 
DC TO 5 MBAUD DATA RATE 


• 
MAXIMUM 
LINK LENGTH 
625 Metres (Guaranteed) 
1600 Metres (Typical) 
• 
TTLICMOS 
COMPATIBLE 
OUTPUT 
• 
MINIATURE, 
RUGGED METAL PACKAGE 


• 
SINGLE +5V RECEIVER POWER SUPPLY 
• 
INTERNALLY 
SHIELDED RECEIVER FOR 


EMI/RFI IMMUNITY 


• 
PCB AND PANEL MOUNTABLE 


• 
LOW POWER CONSUMPTION 


Applications 
• 
EMC REGULATED 
SYSTEMS (FCC, VDE) 
• 
EXPLOSION 
PROOF SYSTEMS IN OIL 


INDUSTRY/CHEMICAL 
PROCESS 


CONTROL 
INDUSTRY 


• 
SECURE DATA COMMUNICATIONS 
• 
WEIGHT SENSITIVE SYSTEMS 
(e.g. Avionics, Mobile Stations) 


• 
HIGH VOLTAGE ISOLATION 
IN POWER 
GENERATION 


Description 


The HFBR-1201/2 
Transmitter 
and HFBR-2201/2 
Receiver 


are 
HFBR-4000/SMA 
style 
connector 
compatible 
fiber 
optic 
link 
components. 
Distances 
to 1600 metres 
at data 
rates 
up to 5 MBaud 
are achievable 
with 
these 
compo- 
nents 
and 
the 
HFBR-3000/3100 
series 
fiber 
optic 
cable 
assemblies. 


A complete 
evaluation 
kit is available 
(HFBR-0200l 
contain- 


ing 
an 
HFBR-1201 
transmitter, 
HFBR-2201 
receiver, 
HFBR-4201 
mounting 
hardware, 
10m of HFBR-3000 
option 


001 cable/connector 
assembly 
and technical 
literature. 


The 
HFBR-1201/2 
Transmitter 
contains 
a high 
efficiency 
GaAIAs 
emitter 
operating 
at 820 nm. Consistent 
coupling 


Mechanical Dimensions 


HFBR·1201 
TRANSMITTER 


MINIATURE 
FIBER OPTIC 
LOGIC LINK 


HFBR-0200 
HFBR-1201/2 
HFBR-2201/2 
HFBR-4201/2 


efficiency 
is assured 
by factory 
alignment 
of the LED with 
the optical 
axis of the package. 
Power coupled 
into the fiber 
varies less than 4 dB from 
part to part at a given tempera- 


ture and drive current. 
The benefit of this is reduced dynamic 
range requirements 
on the receiver. 


The H FBR-2201 /2 Receiver incorporates 
a photo IC contai n- 
ing a photodetector 
and 
dc amplifier. 
An open 
collector 
Schottky 
transistor 
on the IC provides 
logic 
compatibility 
. 


The combination 
of an internal 
EMI shield, the metal pack- 
age 
and 
an 
isolated 
case 
ground 
provides 
excellent 
immunity 
to EMI/RFI. 
For unusually 
severe EMI/ESD 
envir- 
onments, 
a snap-on 
metal shield is available. 
The receiver 
is 


easily identified 
by the black epoxy 
backfill. 


The HFBR-1201 
Transmitter 
and the HFBR-2201 
Receiver 
are compatible 
with the HFBR-4000 
Connector 
and HFBR- 
3000 series, Option 
001 connectored 
cable. The HFBR-1202 


Transmitter 
and HFBR-2202 
Receiver 
are compatible 
with 
SMA style connectors, 
types 
A and B (see Figure 
12), and 


HFBR-3000 
series, 
Option 
002 connectored 
cable. 
HFBR- 
3000 series cable can be ordered 
with or without 
connectors. 


The HFBR-Ol00 
connector 
assembly 
kit is available 
if field 
installation 
of HFBR-4000 
connectors 
is desired. • 
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System Design Considerations 


The Miniature Fiber Optic Logic Link is guaranteed to work 
over the entire range of 0 to 625 metres at a data rate of dc 
-5 MBd, with arbitrary 
data format and typically 
less than 
25% pulse width distortion, if the Transmitter is driven with IF 
= 40 mA, R1= 820. If it is desired to economize on power or 
achieve lower pulse distortion, then a lower drive current (IF) 
may be used. The following 
example will illustrate the tech- 
nique for optimizing 
IF. 


EXAMPLE: 
Maximum 
distance 
required 
= 250 metres. 


From Figure 2 the worst case drive current = 20 mA. From 
the Transmitter 
data - 
VF = 1.8V (max.l. 


R1= Vcc - 
VF _ 5 -1.8V 
= 1600 
IF 
20 mA 


The optical 
power margin between the typical and worst 
case curves (Figure 2) at 250metres is 4 dB. To calculate the 
worst case pulse width distortion at 250 metres, see Figure 8. 
The power 
into the Receiver is PRL + 4 dB = -20 dBm. 


Therefore, the typical distortion 
is 40 ns or 20% at 5 MBd. 


The link performance 
specifications 
on the following 
page 
are based on using the HFBR-3000/HFBR-3100 
cable/con- 
nector assemblies. These cables contain glass-clad silica 
fibers with a 100 I'm core diameter and 140 I'm cladding 
diameter. This fiber type is now a user accepted standard for 
local data communications 
links (RS-458, Class I, Type B). 


The HFBR-1201/2 Transmitter 
and HFBR-2201l2 
Receiver 
are optimized 
for use with the 100/140 I'm fiber. There is, 


however, 
no fundamental 
restriction 
against using other 
fiber types. Before selecting an alternate fiber type, several 
parameters need to be carefully evaluated. 


The attenuation 
(dB/km) 
of the selected fiber, in conjunc- 
tion with the amount of optical 
power coupled 
into it will 
determine the achievable link length. The parameters that 


NOTE, 
IT fS ESSENTIAL 
THAT 
A BYPASS 
CAPACITOR 
(0.01 
II-F to 0 llJf 
CERAMIC) 
BE CONNECTED 
FROM 
PIN 2 TO PIN 4 OF THE 
RECEIVER. 
TOTAL 
LEAD 
LENGTH 
BETWEEN 
BOTH 
ENOS 
OF 
THE 
CAPACITOR 
AND 
THE 
PINS 
SHOULD 
NOT 
EXCEED 
20 mm. 


will significantly 
affect the optical power coupled 
into the 
fi ber are as follows: 


a. Fiber Core Diameter. As the core diameter is increased, 
the optical power coupled increases, leveling off at about 
250 I'm diameter. 
b. Numerical Aperture (NA). As the NA is increased, the 
optical power coupled increases, leveling off at an NA of 
about 0.34. 
c. Index Profile (a). The Index profile parameter of fibers 
varies from 2 (fully graded indexi to infinite (step index\. 
Some gains in coupled optical power can be achieved at 
the expense of bandwidth, when a is increased. 


In addition 
to the optical 
parameters, 
the environmental 
performance of the selected fiber/cable 
must be evaluated. 


Finally, the ease of installing 
connectors 
on the selected 
fiber/cable 
must be considered. Given the large number of 
parameters 
that 
must be evaluated 
when 
using a non- 
standard fiber, it is recommended 
that the 100/140 I'm fiber 
be used unless unusual circumstances 
warrant the use of an 
alternate fiber/cable 
type. 


The HFBR-1202/2202 is compatible with either the Type A or 
Type B SMA style fiber optic con ector (see Figure 12), The 
basic difference 
between the two connectors 
is the plastic 
half-sleeve on the stepped ferrule ti p of the Type B connec- 
tor. This step provides the capability 
to use a full length 
plastic sleeve to ensure good alignment of two connectors 
for an inline splice. The HFBR-3000/HFBR-3100, 
OPT 002 
series connectored 
cable utilizes the Type A connector sys- 
tem because of the inherent environmental 
advantages of 
metal-to-metal 
interfaces. 


The HFBR-1201/2201 
is compatible 
with HFBR-4000 con- 
nectors 
and 
HFBR-3000/HFBR-3000 
Option 
001 series 
connectored 
cable 


Recommended Operating Conditions 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 


TRANSMITTER 


Ambient Temperature 
TA 
-40 
+85 
°C 


Peak Forward Input Current 
IF PK 
40 
mA 
Note 7 


Average Forward Input Current 
IFAV 
40 
mA 
Note 7 


RECEIVER 


Ambient Temperature 
TA 
-40 
+85 
°C 


Supply Voltage 
Vcc 
4.75 
5.25 
V 


Fan Out 
TTL 
N 
5 
Note 3. Fig. 1 


CABLE (see HFBR-3000/HFBR-3100 
data sheetJ 


System performance 
-40°C to +85°C unless otherwise specified 


Parameter 
Symbol 
MinPJ 
Typ. 
Max. 
Units 
Conditions 
Reference 


Transmission 
Distance 
Q 
625 
1600 
Metres 
Fig. 2, Note 9 


Data Rate 
Synchronous 
dc 
5 
MBaud 
Note 10 


Asynchronous 
dc 
25 
MBaud 
Note 10. Fig. 8 


Propagation 
Delay 
tPLH 
82 
nsee 
TA'" 25°C. 
Fig. 7, 8. 9 
LOW to HIGH 
PR '" -21 dBm 


Propagation 
Delay 
tPHL 
55 
nsec 
IF PK'" 15 mA 


HIGH to LOW 


System Pulse Width 
to 
27 
nsee 
fl = 1 metre 


Distortion 


Bit Error Rate 
BER 
10-9 
Data Rate :55 MBaud 
PR > ·24 dBm (4/J.W 


NOMOGRAPH 
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Figure 2. SystemPerformance:HFBR-1201/21HFBR-2201/2with HFBR-3000/3100Cable Assembly 


HFBR-1201/1202 
TRANSMITTER 
Absolute Maximum Ratings 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 


Storage Temperature 
Ts 
-55 
+85 
°C 


Operatmg Temperature 
TA 
-40 
+85 
°C 
Note 13 


Lead 
Temp. 
+260 
°C 
Soldering 
Note 2 
Cycle 
Time 
10 
see 


Forward 
Peak 
IF PK 
40 
mA 
Input 
Note 7 
Current 
Average 
IF.AV 
40 
mA 


Reverse Input Voltage 
VR 
25 
V 


ANODE 


CASE -2- 


2 


CATHODE 


Parameter 
Symbol 
Min. 
TypJ1J 
Max. 
Units 
Conditions 
Reference 


Forward Voltage 
VF 
1.5 
1.8 
V 
iF=40 
mA 
Figure 5 


Forward Voltage 
':"VF/j,T 
-0.91 
mVioC 
IF "'40 mA 
Figure 5 
Temperature 
Coefficient 


Reverse Breakdown 
VSR 
2.5 
4.0 
V 
IR= 100 jlA 
Voltage 


Numerical Aperture 
NA 
.34 


Optical Port Diameter 
Dr 
250 
jlm 
Note 11 


Peak Emission 
AP 
820 
nm 
Figure 6 
Wavelength 


Output Optical Power 
-17 
-16 
-13 
dBm 
IF'" 40 mA 
Figure 3 
Coupled into HFBR-3000 
20 
25 
50 
jJ.W 
TA=25°C 
Notes 4, 
Fiber Cable/Connector 
Pr 
15 
Assembly, 100/140 jJ.m 
-18 
-12.3 
dBm 
IF=40 
mA 


15.8 
59 
jJ.W 
-40° C < TA < 85° C 


Output Optical Power 
-24 
dBm 
IF=40 
mA 
Figure 3 
Coupled into 50/125 /lm 
PT 
4 
/lW 
TA=25°C 
Notes 14, 
Fiber 
15 


Optical Power 
j,Pr/ j, T 
-.017 
dB/oC 
Figure 4 
Temperature 
Coefficient 


Dynamic Characteristics 


-40° C to +85° C unless otherwise specified 


Parameter 
Symbol 
Min. 
TypJ1J 
Max. 
Units 
Conditions 


Propagation 
Delay 
tPLH 
17 
nsec 
IF PK= 10 mA 
LOW to HIGH 


Propagation 
Delay 
tPHL 
6 
nsee 
HIGH to LOW 


Reference 


Note 8 
Figure 7 


Notes: 
1. 
Typical data at TA = 25°C, Vec = 5.QVdc. 


2. 
2.0 mm from where 
leads enter case. 


3. 
8 mA load (5 x 1.6 mAl. RL ~ 560n. 


4. 
Measured 
at the end of 1.0 metre HFBR-3000 
Fiber Optic Cable (NA=O.281 


with large area detector 
and cladding 
modes stripped (NA = 0.28l. This 
approximates 
a Standard 
Test Fiber. 


5. 
Measured at the end of HFBR-3000 Fiber Optic Cable with large area 
detector. 


6. 
When changing microwatts 
to dBm, the optical flux is referenced to one 


milliwatt 
1000 IJ.W 
P (p.WI 


Optical Flux, P (dBm 
= 10 log 1000 p.W 


7. 
IFPKshould not be less than 10 mA in the "ON" state. This is to avoid 
the long turn-on 
time that occurs 
at low input current. 
IFAV 
may be 


arbitrarily 
low, as there is no duty factor restriction. 


WARNING: 
OBSERVING 
THE TRANSMITTER 
OUTPUT 
POWER UNDER MAGNIFICATION 
MAY CAUSE INJURY 


TO THE EYE 
When viewed with the unaided 
eye. the 


infrared 
output 
is 
radiologically 
safe; 
however. 
when 


viewed under magnification. 
precaution should be taken to 


avoid exceeding 
the limits recommended 
in 
ANSI Z136.1-1981. 


HFBR·2201/2202 
RECEIVER 
Absolute Maximum Ratings 
HFBR·2201/2202RECEIVER 


Parameter 
Symbol 
Min. 
Max. 
Units 
Reference 
A 
AA" 
r 
NVVJ' 
2 
Vee 
Storage Temperature 
Ts 
-55 
+85 
·C 
[ 
~ 


3 
DATA 


Operating Temperature 
TA 
·40 
+85 
·C 
.J-CASE 


4 
COMMON 
Lead 
Temp. 
+260 
°C 
Note 2 
VVVVVV 
L 
Soldering 
Cycle 
Time 
10 
see 


Supply Voltage 
Vcc 
-05 
+70 
V 
/'WiJ". 
.. r 
Output Current 
10 
25 
mA 
" 
""fill 
Output Voltage 
Vo 
-0.5 
+180 
V 
I 
~ 
I 
~ 


Output Collector 
Po. AV 
40 
mW 
:~ 
Power Dissipation 


'/'.' 
••••••.••.•.•• 
A 
A 
A 
A 
A~ 


Electrical/Optical Characteristics 
-40° C to +850 C unless otherwise specified 


Parameter 
Symbol 
Min. 
Typ.l 
Max. 
Units 
Conditions 
Reference 


High Level Output 
10H 
5 
250 
IJ.A 
Va'" 
18V 
Current 
PR< -40 dBm 


Low Level Output 
VOL 
04 
05 
V 
10'" 8 mA 
Voltage 
PA > ·24 dBm 


High Level Supply 
ICCH 
3.5 
6.3 
mA 
Vcc '" 5.25 V 
Current 
PR< ·40dBm 


Low Level Supply 
ICCL 
62 
10 
mA 
Vcc '" 525 V 
Current 
PA > -24 dBm 


Optical Port DIameter 
DR 
700 
IJ.m 
Note 12 


Numerical Aperture 
NA 
32 
Dynamic Characteristics 
-40° C to +850 C unless otherwise specified 


Parameter 
Symbol 
Min. 
Typ.'l' 
Max. 
Units 
Conditions 
Reference 


Input Power Level 
PAH 
-40 
dBm 
Ap = 820 nm 
Note 5 
Logic HIGH 
0.1 
jJW 


Input Power Level 
PAL 
·25.4 
-11.2 
dBm 
TA= +25°C 
Fig. 4. 


Logic LOW 
2.9 
76 
jJW 
Note 5 


-24 
-12.0 
dBm 
·40 < TA < 85°C 


4.0 
63 
jJW 


Propagation 
Delay 
tPLHR 
65 
nsee 
TA = 25°C. PA '" -21 dBm 
Note 8, 


LOW to HIGH 
Fig. 7 


Propagation 
Delay 
tPHLA 
49 
nsee 
HIGHto 
LOW 


Noles: 
8. 
Propagation 
delay 
through 
the 
system 
is the 
result 
of 
several 
The EYE pattern 
describes 
the timing 
range within 
which there is no 


sequentially-occurring 
phenomena. Consequently 
it is a combination 
of 
uncertainty of the logic state. relative to a specific threshold. due to 


data-rate-limiting 
effects and of transmission-time 
effects. Because of 
either noise or intersymbol 
prop. delay I effects. 


this. the data-rate 
limit of the system must be described 
in terms of time 
11.DT is measured at the plane of the fibe,face 
and defines a diameter where 


differentials 
between delays imposed on falling and rising edges. 
the optical power density is within 10 dB of its maximum. 


As the cable length is increased. the propagation 
delays increase at 5 ns 
12.DRis the effective diameter of the detector image on the plane of the fiber 
per metre of length increase. Data rate. as limited by pulse width distor- 
face. The numerical 
value is the oroduct 
of the actual detector diameter 
tlOn. is not affected by increasing 
cable length jf the optical power level 
and the lens magnification. 
at the Receiver is maintained. 
13.HFBR-3000 
series Fiber Cable is specified 
at a narrower 
temperature 
9. 
Worst case system performance 
is based on worst case performance 
of 
range, -20° C to 85° C. 


individual components: 
transmitter 
at +850 C. receiver at -40° C and cable 
14. Measured at the end of 1.0 metre 50/125 JJmfiber with large area detector 
aI-20°C. 
and cladding 
modes stripped 
(NA = 0.22). This fiber approximates 
a 
1O.Synchronous 
data rate limit 
is based on these assumptions: 
a 50% 
Standard 
Test 
Fiber. The test fiber 
is terminated 
with 
an SMA style 
duty factor 
modulation. 
e.g. Manchester 
I or BiPhase 
Manchester 
II : 
connector. 


b continuous 
data; 
IC 
PLL 
Phase Lock Loop 
demodulation: 
d TTL 
15.Output Optical Power into connectored 
fiber cable other than HFBR-3000 
threshold. 
Fiber Optic Cable/Connector 
Assemblies may be different than specified 
Asynchronous 
data rate limit is based on these assumptions: 
a 
NRZ 
because of mechanical 
tolerances 
of the connector, 
quality of the fiber 
data; 
I b I arbitrary 
timing - 
no duty factor restriction; 
IC I TTL threshold. 
surface, and other variables. 
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Figure 4. Normalized Thermal Effects in 
Transmitter Output, Receiver Threshold, 
and Link Performance (Relative 
Threshold) 
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Figure 8. Worst-Case Distortion of NRZ 
EYE-pattern with Pseudo Random Data 
at 10 Mb/s. (see note 10). 


\PT 
FROM l-METAE 
_ \ 
- TEST CABLE 


~~~! 


INP 
T 
1_100 ns-J 
PULSE REPETITION 
U 
'""'" 
FREQ." 
1 MHz 


IF 
~--------- 
t;:: tPLHT 


INPUT (lFl 


+5V 
TIMtNG 
ANALYSIS 
EQUIPMENT 


OUTPUT 
se8'E 
Vo 


15 pF +} Vo 


The HFBR-1201/2 
Transmitter 
contains 
a GaAIAs 
infrared 
emitter. 
Both the anode and cathode 
of the emitter 
are insu- 
lated from the case. This configuration 
permits 
the use of a 


variety 
of drive 
circuitry 
such 
as series 
switching, 
shunt- 
switching 
and high frequency 
peaking. 
There is no internal 
drive circuit 
or current 
limiter. 


The 
HFBR-2201/2 
Receiver 
incorporates 
an 
integrated 
photo 
IC containing 
a photodetector 
and dc amplifier 
driv- 
ing 
an 
open-collector 
Schottky 
output 
transistor. 
The 
HFBR-2201/2 
is designed 
for direct 
interfacing 
to popular 
logic 
families. 
The 
absence 
of an internal 
pull-up 
resistor 
allows 
the open-collector 
output 
to be used with logic fami- 
lies 
such 
as 
CMOS 
requiring 
voltage 
excursions 
much 
higher 
than Vcc. 
Both the open-collector 
"Data" 
output 
(Pin 
31and Vcc (Pin 21are referenced 
to "Com" 
(Pin 41.The "Data" 


output 
allows 
busing, 
strobing 
and wired 
"OR" 
circuit 
con- 
figurations. 
Both the transmitter 
and receiver 
are designed 
to operate from a single +5V supply. 
Note that the "Com" 
and 


"Case" 
pins are not connected 
internally. 


The 
HFBR-1201/2 
and 
HFBR-2201/2 
optical 
receptacles 
contain 
a lens to optimize 
the coupling 
between 
the fiber and 
the active 
optical 
device. 


Mounting 
at the edge 
of a printed 
circuit 
board 
with 
the 
lock nut overhanging 
the edge is recommended. 


When bending 
the leads, avoid sharp bends right where the 
lead enters 
the backfill. 
Use needle 
nose pliers 
to support 
the leads at the base of the package 
and bend the leads as 
desired. 


When 
soldering, 
it is advisable 
to leave the protective 
cap 
on the unit to keep the optics 
clean. 


The HFBR-1201/2 
fiber 
optic 
transmitter 
and HFBR-2201/2 
receiver 
are housed 
in rugged 
metal packages 
intended 
for 
use with the HFBR-3000/HFBR-31 
00 cable assemblies. 
The 
low 
profile 
package 
is designed 
for 
direct 
mounting 
on 
printed 
circuit 
boards 
or through 
panels 
without 
additional 
heat sinking. 
A flat on the mounting 
threads 
of the device 
is 
provided 
to prevent 
rotation 
in all mounting 
configurations 
and 
to 
provide 
an orientation 
reference 
for 
the 
pin-out. 


Hardware 
is available 
for horizontal 
mounting 
applications 
on printed 
circuit 
boards. 
The hardware 
consists 
of a stain- 
less steel mounting 
bracket 
fastened 
directly 
to the printed 
circuit 
board with two stainless 
steel self-tapping 
screws and 
a nut and washer 
for fastening 
the device 
in the bracket. 
A 
metal shield which snaps directly 
on the mounting 
bracket 
is 
also available 
for unusually 
severe 
EMI/ESD 
environments. 


When 
mounted 
in the horizontal 
configuration, 
the overall 
height 
of the component 
conforms 
with guidelines 
allowing 
printed 
circuit 
board 
spacing 
on 12.7 mm <'500) 
centers. 
A 
thorough 
environmental 
characterization 
has 
been 
per- 
formed 
on 
these 
products. 
The 
test 
data 
as 
well 
as 
information 
regarding 
operation 
beyond 
the specified 
limits 
is available 
from 
any Hewlett-Packard 
sales office. 


Good 
system 
performance 
requires 
clean 
port 
optics 
and 
cable 
ferrules 
to avoid 
obstructing 
the optical 
path. Clean 
compressed 
air often is sufficient 
to remove 
particles 
of dirt; 


methanol 
or 
Freon'· 
on 
a cotton 
swab 
also 
works 
well. 


MOUNTING 
HARDWARE: 
HFBR-4202 
(HFBR-1202/22021 


1 EMI/ESD 
SHIELD 
1 1/4-36 
NUT 


1 1/4 x .005 
INCH WASHER 
2 2-56 
SELF 
TAPPING 
SCREWS 
1 MOUNTING 
BRACKET 


."'~ 


"'.~'''":_,.'(). 
I 


DIMENSIONS 
FOR 
BULKHEAD 
MOUNTING 
HOLE 


~ 


5.88 
(.2:E11 
6.25 e2S0) 
DIA. 


(STANDARD 
1!4INCH 


"D" 
HOLE - 
RU PUNCH) 


MOUNTING 
HARDWARE: 
HFBR-4201 
(HFBR-1201/2201) 
J! 


1 EMI/ESD 
SHIELD 
J! 
1 1/4-32 NUT 


1 1/4 x .005 
INCH WASHER 
2 
2-56 
SELF 
TAPPING 
SCREWS 
. 


, 
MOUNTING 
BRACKET 
2-56 
SELF 
TAPPING 
SCREWS 


(METRIC 
EQUIV. 
M2.2 x 0.45) 


'''''''$ 


1_ 
7.62(.:1)) 
.1 
r---8.38(.33)--' 


78ILI1d~--~I· ; 
L 
3.94}.155J 
~ 


1--,3.7515501-1 


1.95 1.078) 
DIA. 
HOLES 
ACCEPT 
A 
2-56 
SELF 
TAPPING 
SCREW 
PIN 1 


3.94,1155} -~ 


~520} 


1\ 
aTHR~EAD 
FLAT 


7813121 
8 
- 
. L_~~~ 
3.94i-'55} 


1--,3.7515501-1 


THREAD 
FLAT 


7811:1 (11 394:1155) 


!-,3.75 
1.5501--1 


1.6251.0651 
f 2.251.090) 
DIA. 


CLEARANCE 
HOLES 
FOR 
MOUNTING 
BRACKET 
SCREWS 


HFBR-1201 
(HP Connector 
Compatible) 


HFBR-1202 
(SMA Connector 
Compatible) 


HFBR-2201 
(HP Connector 
Compatible) 


HFBR-2202 
(SMA Connector 
Compatible) 


HFBR-4201 
(HP Connector 
Compatible) 


HFBR-4202 
(SMA Connector 
Compatible) 


HFBR-0200 
Kit: 


HFBR-1201 
Transmitter 
HFBR-2201 
Receiver 
HFBR-4201 
Mounting 
Hardware 
(2 sets) 
HFBR-3000 
10 Metre 
Cable/Connector 
Assembly 
Technical 
Literature 


Fiber Optic 
Cable 
- 
see data sheets 


HFBR-3000 
Single 
Channel 
Connectored 
- 
Custom 
Lengths 
HFBR-3100 
Dual Channel 
Connectored 
- 
Custom 
Lengths 
Note: 
Option 
001 specifies 
HFBR-4000 
connector 
and 
Option 
002 specifies 
SMA connectors. 


HFBR-3001 
Single 
Channel 
Connectored 
- 
10 metres 


(HFBR-4000 
connectors) 


HFBR-3021 
Single 
Channel 
Connectored 
- 
10 metres 


(SMA connectors) 


HFBR-3200 
Unconnectored 
Single 
Channel 
- 
Custom 
Lengths 
HFBR-3300 
Unconnectored 
Dual Channel 
- 
Custom 
Lengths 


rh~ HEWLETT 
~~ 
PACKARD 


• 
OPTICAL 
POWER 
COUPLED 
INTO 
100/140 
/Lm 
FIBER CABLE 
-9.8 
dBm Guaranteed 
at 25° C 
-7.4 
dBm Typical 


• 
FACTORY 
ALIGNED 
OPTICS 


• 
RUGGED 
MINIATURE 
PACKAGE 


• 
COMPATIBLE 
WITH 
HP OR SMA STYLE 
CONNECTORS 


The HFBR-1203/-1204Fiber Optic Transmitter contains an 
etched-well 820 nm GaAIAs emitter capable of coupling 
greater than -10 dBm of optical power into 100/140 I'm 
HFBR-3000 Fiber Cable/Connector Assemblies. This high 
power level is useful for fiber lengths greater than 1 km, or 
systems where star couplers, taps, or in-line connectors 
create large fixed losses. 


Consistent 
coupling 
efficiency 
is assured by factory 


alignment of the LED with the mechanical axis of the 
package connector port. Power coupled into the fiber var- 
ies less than 5 dB from part to part at a given drive current 
and temperature. The benefit of this is reduced dynamic 
range requirements on the receiver. 


High coupling efficiency allows the emitters to be driven at 
low current levels resulting in low power consumption and 
increased reliability of the transmitter. Another advantage 
of the high coupling efficiency is that a significant amount 
of power can still be launched into smaller fiber such as 
50/125 I'm (-19.1 dBm typ.l. 


The HFBR-1203/-1204 transmitter is housed in a rugged 
miniature 
package. The 
lens is suspended to 
avoid 
mechanical contact with the active devices. This assures 
improved reliability by eliminating mechanical stress on 
the die due to the lens. For increased ESD protection and 
design flexibility, both the anode and cathode are insu- 
lated from the case. 


THREAD 
FLAT 
Ft,.AT 


2'54('100IDIA'_~\ 
PIN 


PINClRCLE 
_ 
1 
- 
~' 
~ 


; 
(~~ 
~1~~5' 
I REOSACKFILl 


}+13.21 (.520l...t--ll' 
(.45,)-...1 


"'N 


FUNCTION 
ANODE 


CATHODE 


CASE 


HIGH EFFICIENCY 
FIBER OPTIC 
TRANSMITTER 


HFBR-1203 
HFBR-1204 


HFBR-1203 is compatible with HFBR-4000 connectors, 
and HFBR-1204 is compatible with SMA style connectors. 
The low profile package is designed for direct mounting 
on printed circuit boards or through panels without addi- 
tional heat sinking. A complete mounting hardware pack- 
age (HFBR-4201/-4202)is available for horizontal mounting 
on PCBs, including 
a snap-on metal shield for harsh 
EMI/ESD environments. 
I 


THflEAD-flAT 
Ft.AT 


Zo"t.100J0t. 
A'~' 
PIN 
PIN CtRCLE 
_ 
1 


_~' 
2 


1.$! 
3 
1.01S! 
REDBACKF!LL 
t.~:'----......11·~:N46)~ 


FUNCTION 
ANODE 
CATHODE 
CASE 


· ..... ...... './\ 


ANODE 
1 
I 


Storage 
Temperature 
Ts 
-55 
+85 
°C 
-:: 
I: 


Operating 
Temperature 
TA 
-40 
+85 
°C 
Note 
4 
CASE~ 
I 
I 


3 
, 


Lead 
Temp. 
+260 
°C 
CATHODE 
fYYY'! 
I 


Soldering 
Note 
1 
LJ 


'••.•••• 
'\.''..'' 
.••,J 


Cycle 
Time 
10 
see 


Forward 
Peak 
IF, PK 
100 
mA 
n ......~ ../\ 


Input 
[§t 
0, 
' 
Current 
Average 
IF. AV 
100 
mA 
~ 
I 


Reverse 
Input 
Voltage 
VR 
1.0 
V 
T 
I 
fYYY'! 
I 
Voltage, 
Case-to-Junction 
Vc 
25 
V 
LJ 


,,,•••••''..'' •••,.••,J 


Electrical/Optical Characteristics 
-40° C to +850 C unless 
otherwise 
specified 


Parameter 
Symbol 
Min. 
Typ.£2] 
Max. 
Units 
Conditions 
Reference 


Forward 
Voltage 
VF 
144 
1.72 
1.94 
V 
IF= 
100 mA 
Fig. 2 


Forward 
Voltage 
;lVF/J..T 
-0.54 
mV/oC 
IF= 
100 mA 
Fig. 2 
Temperature 
Coefficient 


Reverse 
Breakdown 
VeR 
1.0 
3.1 
V 
IR=1001'A 
Voltage 


Numerical 
Aperture 
NA 
038 


Optical 
Port 
Diameter 
DT 
250 
I'm 
Note 
3 


- 


Peak 
Emissiqn 
AP 
820 
nm 
Fig.S 
Wavelength 


Output 
Optical 
Power 
-98 
-7.4 
-5.0 
dBm 
IF= 
100 mA 


Coupled 
into 
105 
182 
316 
I'W 
TA = 25°C 
Fig. 3, 4 


HFBR-3000 
Fiber 
Cable! 
PT 
Notes 
4.5, 


Connector 
Assembly, 
-11.2 
-4.2 
dBm 
IF= 
100 mA 
6,8 
100/140 pm Fiber 
76 
380 
I'W 
-40°C 
< TA < 85°C 


Output 
Optical 
Power 
-191 
dBm 
IF= 
100 mA 
Fig.3.4 


Coupled 
into 
PT 
12 
pW 
TA = 25°C 
Note 
7 


50/125 
I'm 
Fiber 


Optical 
Power 
J..PT/.H 
-0.014 
dB/oC 
IF= 
100 mA 
Fig. 3 
Temperature 
Coefficient 


Case 
Isolation 
Resistance 
RCASE 
1 
Mil 
VCASE = 25 V 


(Case 
to Pins 
1 or 2) 


Thermal 
Resistance 
ElJC 
90 
°C/W 
Note 
9 


Rise Time. 
Fall Time 


tr, tf 
11 
Fig. 6 
(10 to 90%1 
nsec 
Note 
10 


WARNING: 
OBSERVING 
THE 
TRANSMITTER 
OUTPUT 
infrared 
output 
is radiologically 
safe; however, 
when 
viewed 
POWER 
UNDER 
MAGNIFICATION 
MAY 
CAUSE 
INJURY 
under 
magnification, 
p.recaution 
should 
be taken 
to avoid 


TO 
THE 
EYE. 
When 
viewed 
with 
the 
unaided 
eye, 
the 
exceeding 
the limits 
recommended 
in ANSI 
Z136.1-1981. 


Notes: 
1. 2.0 mm from where leads enter case. 
than 
HFBR-3000 
Fiber 
Optic 
Cable/Connector 
Assemblies 


2. Typical 
data at TA = 25° C. 
may be different 
than 
specified 
because 
of mechanical 
tol- 


3. 
Dr is measured 
at the plane of the fiber 
face and defines 
a 
erances 
of the connector, 
quality 
of the fiber 
surface, 
and 


diameter 
where the optical 
power 
density 
is within 
10 dB of 
other variables. 


the maximum. 
6. 
Measured 
at the end 
of 1.0 metre 
HFBR-3000 
Fiber 
Optic 


4. 
HFBR-3000 
series 
Fiber 
Cable 
is specified 
at a narrower 
Cable/Connector 
Assembly 
with 
large 
area 
detector 
and 
temperature 
range. -20° C to 85° C. 
cladding 
modes 
stripped 
(NA = 0.281. This 
fiber 
approxi- 


5. 
Output 
Optical 
Power 
into 
connectored 
fiber 
cable 
other 
mates a Standard 
Test Fiber. 


7. 
Measured at the end of 1.0 metre 50/125!'m 
fiber with large 
9. 
Thermal resistance is measured with the transmitter 
coupled 
area detector 
and cladding 
modes stripped INA = 0.221.This 
to a connector 
assembly 
and mounted 
on a printed 
circuit 
fiber approximates 
a Standard 
Test Fiber. The test fiber is 
board with the HFBR-4201 mounting 
hardware. 


terminated 
with an SMA style connector. 
10. 
Measured with a 1 mA pre-bias current and terminated 
into 


8. When changing 
microwatts 
to dBm. the optical power is ref- 
a 50 ohm load. 


erenced to 1 milliwatt 
11000!'WI. 


Optical Power. P IdBml = 10 log P I!'WI/1000!'W 
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Figure 2. Forward Voltage and Current Characteristics 
Figure 3. Normalized Thermal Effects in Transmitter 
Output 
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Figure 4. Normalized 
Transmitter 
Output vs. DC Forward 
Figure 5. Transmitter 
Spectrum 
Normalized 
to the Peak at 
Current 
25°C 


Ordering Guide 


Transmitter. 
HFBR-1203 
(HP Connector 
Compatible) 
HFBR-3100 
Dual Channel 
Connectored 
- 
Custom 
HFBR-1204ISMA 
Connector 
Compatible) 
Lengths 


Receiver. 
HFBR-2201 
15 MBaud. 
HP Connector) 
Note: 
Option 
001 specifies 
HFBR-4000 
HP connector 
and 


HFBR-2202 
15 MBaud. 
SMA Connector) 
Option 
002 specifies 
SMA connectors. 


HFBR-2203 
140 MBaud. 
HP Connector 
HFBR-3001 
Single 
Channel 
Connectored 
- 
10 metres 


Compatible) 
IHFBR-4000 
connectors) 


HFBR-2204 
140 Mbaud. 
SMA Connector 
HFBR-3021 
Single 
Channel 
Connectored 
- 
10 metres 


Compatible) 
ISMA connectors) 


Mounting 
HFBR-3200 
Unconnectored 
Single 
Channel 
- 
Custom 
Hardware: 
HFBR-4201 
IHP Connector 
Compatible) 
Lengths 


HFBR-4202 
(SMA Connector 
Compatible) 
HFBR-3300 
Unconnectored 
Dual Channel 
- 
Custom 
Fiber Optic 
Cable 
- 
see dala sheets 
Lengths 


HFBR-3000 
Single 
Channel 
Connectored 
- 
Custom 
Lengths 


I 


Rise and 
fall 
times 
can 
be improved 
by using 
a pre-bias 
current 
and "speed-up" 
capacitor. 
AlmA 
pre-bias 
current 
will 
significantly 
reduce 
the junction 
capacitance 
and will 
couple 
less than 
-34 
dBm 
of optical 
power 
into 
the fiber 


cable. 
The 
TTL 
compatible 
circuit 
in 
Figure 
7 using 
a 
speed-up 
capacitor 
will 
provide 
typical 
rise and fall times 
of 10 ns. 


IPEAK= 100 mA = 
Vcc - VF 
34.9fl 


Vcc - VF 
IAVG = 
78 mA = 34.9 + 10fl 


With 
transmitter 
performance 
specified 
as power 
in dBm 
into 
a fiber 
of 
particular 
properties 
(core 
size, 
NA, 
and 


index 
profile), 
and 
receiver 
performance 
given 
in terms 
of 
the 
power 
in dBm 
radiated 
from 
the 
same 
kind 
of fiber, 


then the link design 
equation 
is simply: 


(1) PT - Q • <>0= PR 


where 
PT = transmitter 
power 
into fiber 
(dBm) 


Q = fiber 
(cable) 
length 
(kml 


<>0= fiber 
attenuation 
(dB/km) 


PR = receiver 
power, 
from 
fiber, 
(dBm) 


For transmitter 
input 
current 
in the 
range 
from 
10 to 100 
mA, the power 
varies approximately 
linearly: 


(2) PT = Po + 10 log (1/10) 


where 
Po = transmitter 
power 
specification 
(dBm) at 
10 


10 = specified 
transmitter 
current 
(100 mAl 
I = selected 
transmitter 
current 
(mAl 


To allow 
for the 
dynamic 
range 
limits 
of proper 
receiver 
performance, 
it 
is 
necessary 
that 
a link 
with 
maximum 
transmitter 
power 
and 
minimum 
attenuation 
does 
not 
OVERDRIVE 
the 
receiver 
and 
that 
minimum 
transmitter 
power 
with 
maximum 
attenuation 
does 
not UNDERDRIVE 
it. These 
limits 
can 
be expressed 
in a combination 
of the 
two equations 
above: 


(3) Po MAX+ 10 log (IMAX/lo) - Q. <>oMIN< PR MAX 


(4) Po MIN+ 10 iog (IMIN/lo) - 
Q. <>oMAX> PR MIN 


where 


Po MAX, Po MIN = 
max., min. specified 
power 
from 
transmitter 
(dBm) at I = 10 


IMAX, IMIN 
max., min. selected 
transmitter 
operating 
current 
(mA) 


PR MAX, PR MIN = 
max., min. specified 
power 
at 
receiver 
(dBml 
<>oMAX,<>oMIN 
max., min. attenuation 
(dB/km) 


A more 
useful 
form 
of these equations 
comes 
from 
solving 
them 
for the current 
ratio, expressed 
in dB: 


(5) 10 log (IMAX/lol < PR MAX - Po MAX+ Q • <>oMIN 


(6) 10 log (IMIN/lol > PR MIN - Po MIN+ Q. <>oMAX 


These 
are 
plotted 
in 
Figure 
8 as the 
OVERDRIVE 
LINE, 


and 
UNDER DRIVE 
LINE, 
respectively 
for 
the 
following 
components: 


HFBR-1203/4 
Transmitter 
-11.2 
< PT < -4 dBm 
HFBR-2203/4 
Receiver 
(25 MHzI -28.5 < PR < -12.6 
dBm 
HFBR-2203/4 
Receiver 
(2.5 MHz) -35.5 < PR < -12.6 
dBm 
HFBR-3000 
Series 
Fiber Cable 4 < 0::0< 8 dB/km 


!g 
Io;:: 
'" 
-5 
~ 
~ 
a:a: 
::>u 
I 
o 
<: 
-10 =- 


§ 
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These 
design 
equations 
take 
account 
only 
of the 
power 
loss due to attenuation. 
The specifications 
for the receiver 
and transmitter 
include 
loss effects 
in end 
connectors. 
If 
the system 
has other 
fixed 
losses, 
such 
as from 
directional 
couplers 
or additional 
in-line 
connectors, 
the 
effect 
is to 
shift 
both 
OVERDRIVE 
and 
UNDERDRIVE 
lines 
upward 
by the amount 
of the additional 
loss ratio. 


F/io- HEWLETT 
~~ 
PACKARD 


40 MBd MINIATURE 
FIBER OPTIC 
RECEIVERS 


HFBR'2203 
HFBR·2204 


• 
DATA 
RATES 
UP TO 40 MBd 


• 
HIGH 
OPTICAL 
COUPLING 
EFFICIENCY 


• 
RUGGED, 
MINIATURE 
METAL 
PACKAGE 


• 
COMPATIBLE 
WITH 
HP OR SMA STYLE 
CONNECTORS 


• 
VERSATILE 
ANALOG 
RECEIVER 
OUTPUT 


• 
25 MHz ANALOG 
BANDWIDTH 


Applications 


• 
DATA ACQUISITION 
AND PROCESS 
CONTROL 


• 
SECURE 
DATA COMMUNICATION 


• 
EMC REGULATED 
SYSTEMS 
(FCCIVDE) 


• 
EXPLOSION 
PROOF 
SYSTEMS 


• 
WEIGHT 
SENSITIVE 
SYSTEMS 
(e.g., AVIONICS, 
MOBILE 
STATIONS) 


• 
VIDEO 
TRANSMISSION 


The HFBR-2203/04 
Receiver is capable of data rates up to 


40 MBd at distances 
greater than 1 km when used with 
HFBR-3000 series cable and HFBR-1201/2/3/4 
Transmit- 
ters. The HFBR-2203/04 
Receivers contain a discrete PIN 
photodiode 
and preamplifier 
IC. 


The signal from this simple analog receiver can be optimized 
for a variety of transmission 
requirements. 
For example the 
HFBR-0221/02/03/04 
transceivers 
add 
low-cost 
external 
components to aChieve logic compatible signal levels optim- 
ized for various data formats and data rates. 


Each of these fiber optic components uses the same rugged, 
lensed, miniature 
package. This package assures a con- 
sistent, efficient optical coupling between the active devices 
and the optical fiber. 


The HFBR-2203 Receiver is compatible with the HF8R-4000 
Connector and HFBR-3000 series, Option 001 connectored 
cable. The HFBR-2204 Receiver is compatible 
with SMA 
style connectors, types A and B (see Figure 11), and HFBR- 
3000 series, Option 
002 connectored 
cable. 
HFBR-3000 
series cable can be ordered with or without connectors. The 
HFBR-0100 connector assembly kit is available if field instal- 
lation of HFBR-4000 connectors 
is desired. 


PIN 
FUNCTION 


1 
CASE 


2 
SIGNAL 


3 
COMMON 
4 
Vcc 


PIN 
FUNCTION 
, 
CASE 


2 
SIGNAL 
3 
COMMON 
4 
Vcc 


DIMENSIONS 
IN MILLIMETRES 
(INCHES) 


UNLESS OTHERWISE 
SPECIFIED. 
THE TOLERANCES 
ARE- 
X 
.51 mm (.xx 
t .021NI 


.XX 
.13 mm i.XXX 
OOSIN) 


I 


The 
HFBR-2203/04 
Fiber 
Optic 
Receiver 
contains 
a PIN 
photodiode 
and 
low 
noise 
transimpedance 
pre-amplifier 
hybrid 
circuit 
with 
an inverting 
output 
(see note 
10). The 
HFBR-2203/04 
receives 
an optical 
signal and converts 
it to 
an analog 
voltage. 
The output 
is a buffered 
emitter-follower. 


Because 
the 
signal 
amplitude 
from 
the 
HFBR-2203/04 
Receiver 
is much larger than from a simple 
PIN photodiode, 


it is less susceptible 
to EMI, especially 
at high signal 
rates. 


The frequency 
response 
is typically 
dc to 25 MHz. Although 
the HFBR-2203/04 
is an analog 
receiver, 
it is easily 
made 
compatible 
with 
digital 
systems 
(see 
HFBR-0221/2/3/4 
Transceiver 
data sheet!. 
Separate 
case and signal 
ground 
leads are provided 
for maximum 
design 
flexibility. 


It is essential 
that 
a bypass 
capacitor 
(0.01 J.LFto 0.1 J.LF 
ceramic) 
be connected 
from 
Pin 4 (Vccl 
to Pin 3 (circuit 
common) 
of the receiver. 
Total 
lead length 
between 
both 
ends of the capacitor 
and the pins should 
be less than 20 
mm. 


The 
HFBR-2203/04 
Fiber 
Optic 
Receiver 
is housed 
in a 
miniature 
package 
intended 
for use with 
HFBR-3000 
Fiber 
Optic 
Cable/ConlJector 
Assemblies. 
This 
package 
has 
important 
performance 
advantages: 


1. Precision 
mechanical 
design 
and assembly 
procedures 
assure 
the 
user 
of 
consistent 
high 
efficiency 
optical 
coupling. 


2. The lens is suspended 
to avoid 
contact 
with 
the active 
devices, 
thereby 
assuring 
improved 
reliability. 


3. The versatile 
miniature 
package 
is easy to mount. 
This 


low profile 
package 
is designed 
for direct 
mounting 
on 
printed 
circuit 
boards 
or through 
panels 
without 
addi- 


tional 
heat sinking. 


A complete 
mounting 
hardware 
package 
is available 
for 


horizontal 
PCB applications, 
including 
a snap-on 
metal 
shield for harsh EMI/ESD 
environments. 


Good system performance 
requires 
clean port optics and 
cable ferrules 
to avoid obstructing 
the optical 
path. Clean 
compressed 
air often 
is sufficient 
to remove 
particles 
of 
dirt; Methanol 
or Freon on a cotton 
swab also works well. 


Note: 
When installing 
connectored 
cable on the optical 
port, do 


not use excessive 
force to tighten 
the nut. Finger tighten- 


ing is sufficient 
to ensure 
connectoring 
integrity, 
while 


use of a wrench 
may cause damage 
to the connector 
or 


the optics. 


system Design Considerations 


For additional 
information, 
see the product 
data sheet forthe 


HFBR-0221/2/3/4 
Fiber Optic 
Transceivers. 


OPTICAL 
POWER 
BUDGETING 


The HFBR-2203/04 
Fiber Optic 
Receivers 
when 
used with 
the HFBR-1201/02 
Fiber Optic Transmitters 
can be operated 
at a signalling 
rate of more 
than 
40 MBd 
over a distance 


greater than 1000 metres (assuming 
8 dB/km 
cable attenua- 


tion). 
For 
shorter 
transmission 
distances, 
power 
consumption 
can 
be reduced 
by decreasing 
Transmitter 


drive current. 
At a lower data rate, the transmission 
distance 


may 
be increased 
by applying 
bandwidth-filtering 
at the 


output 
of 
the 
HFBR-2203/04 
Receiver; 
since 
noise 
is 
reduced 
as the square 
root of the bandwidth, 
the sensitivity 
of the circuit 
is proportionately 
improved 
provided 
these two 
conditions 
are met: 


a. 
input-referred 
noise of the follow 
on circuit 
is well below 
the filtered 
noise of the Receiver 
b. logic 
comparator 
threshold 
is reduced 
in the same pro- 
portion 
as the noise reduction 


As an example, 
consider 
a link with a maximum 
data 
rate of 
10 MBd (e.g., 5 Mb/s Manchester); 
this requires 
a3 dB band- 
width of only 5 MHz. Forthis 
example, 
the input-referred 
rms 
noise voltage 
of the follow-on 
circuit 
is 0.03 mV. Theequi- 
valent 
optical 
noise power 
of the complete 
receiver 
(PNO) is 
given 
by: 


VNO 
= rms output 
noise voltage 
of the HFBR-2203/04 
with no bandwidth 
filtering 
VNI 
= input-referred 
rms noise voltage 
of the follow-on 
circuit 
B 
= filtered 
3 dB bandwidth 
Bo 
= Unfiltered 
3dB bandwidth 
of the HFBR-2203/04 


(25 MHz) 


Rp 
= optical-to-electrical 
responsivity 
(mV/p.WI of the 
HFBR-2203/04 


Note that noise adds in an rms fashion, 
and that the square of 
the rms noise voltage 
of the HFBR-2203/04 
is reduced 
by the 
bandwidth 
ratio, 
B/Bo. 


From 
the 
receiver 
data 
(Electrical/Optical 
Characteristics) 
taking 
worst-case 
values, and applying 
NO bandwidth 
filter- 


ing (B/Bo = 1): 


PNO = [((0.43)2 + (0.03) )2)051 mV / 4.6 mV/p.W = 0.094p.W 
or 
-40.3 dBm 


To ensure 
a bit error 
rate less than 
10-9 requires 
the signal 
power 
to be 12 times 
larger 
(+11 dB) than the rms noise as 
referred 
to the Receiver 
input. The minimum 
Receiver 
input 
power 
is then: 


Note that 25 MHz should 
be used for the total 
noise 
band- 
width 
of 
the 
HFBR-2203/04. 
Inserting 
this 
value 
of 
the 
bandwidth 
ratio in the expressions 
for PNO and PRMINabove 


yields 
the results: 


PNO = 0.042 p.W or -43.8 dBm and PRMIN= -32.8 dBm 


Given 
the 
HFBR-1201/2 
Transmitter 
optical 
power 
Pr = 
-18 
dBm 
at IF = 40 mA, 
and 
allowing 
a 3 dB 
margin, 
a 


minimum 
optical 
power 
budget 
of 11.8 is obtained: 


[-18 dBm -3 dB +32.8 
dBm)j 
= 11.8 dB 


Using 
8 dB/km 
optical 
fiber, this translates 
into a minimum 
link length 
of 1475 metres (typical 
link power 
budget 
for this 
configuration 
is approximately 
17.2 dB or 3130 metres with 
5.5 dB/km 
fiberl. 


BANDWIDTH 


The 
bandwidth 
of the 
HFBR-2203/04 
is typically 
25 MHz. 


Over the entire 
temperature 
range 
of -400 C to +850 C, the 
rise and fall times 
vary 
in an approximately 
linear 
fashion 
with temperature. 
Under worst case conditions, 
tr and tf may 


reach a maximum 
of 26 ns, which 
translates 
to a 3 dB band- 


width 
of: 


f3dB '" 
.35 = ~ 
= 13.5 MHz 
tr 
26 ns 


The 
receiver 
response 
is essentially 
that 
of a single-pole 
system, 
rolling 
off at 6 dB/octave. 
In order for the receiver 
to 
operate 
up to 40 MBd 
even 
though 
its worst 
case 
3 dB 
bandwidth 
is 13.5 MHz, the received 
optical 
power 
must be 
increased 
by 3 dB to compensate 
for the restricted 
receiver 
transmission 
bandwidth. 


PRINTED 
CIRCUIT 
BOARD 
LAYOUT 


When 
operating 
at data 
rates above 
10 MBd, 
standard 
PC 
board 
precautions 
should 
be taken. 
Lead 
lengths 
greater 
than 
20 mm should 
be avoided 
whenever 
possible 
and a 


ground 
plane 
should 
be used. Although 
transmission 
line 


techniques 
are not required, 
wire wrap and plug boards 
are 


not recommended. 


OPERATION 
WITH 
HEWLETT-PACKARD 
TRANSISTORS 


Hewlett-Packard 
offers 
two 
transmitters 
compatible 
with 
the HFBR-2203/4. 
Link 
performance 
with 
each transmitter 
is shown 
below 
for 250 C operation 
with 
HFBR-3000 
series 
glass 
fiber 
cable. 
See 
product 
data 
sheets 
for 
further 
information. 


HFBR-1201/2 
HFBR-1203/4 
-17 dBm 
-9.5 dBm 
Coupled 
Optical 
Coupled 
Optical 
Power 
Power 


HFBR-2203/4 
1200m 
2100 m 
-27 dBm Sensitivity 
40 MBd 
40 MBd 


HFBR-2203/4 
1800 M 
2800 M 


-32 dBm Sensitivity 
10 MBd 
10 MBd 
• 


HFBR-2203/2204 
RECEIVER 
HFBR-2203/2204RECEIVER 
Absolute Maximum Ratings 
.A 
r- 
('MI\l 
v 
v vv_ 
4 
vcc 


Parameter 
Symbol 
Min. 
Max. 
Unit 
Reference 
I 
::-... 
2 
SIGNAL 


Storage Temperature 
Ts 
-55 
85 
°C 
~ 
~CASE 


3 
COMMON 
Operating Temperature 
TA 
-40 
85 
°C 
Note 9 
.... Al- 


Lead 
Temp. 
260 
°C 
Soldering 
Note 1 


'(:XMJ" 
r- 
Cycle 
Time 
10 
see 


Case Voltage 
VeAsE 
25 
V 
: 
'""JEQij 
I 
i 
Signal Pin Voltage 
VSIGNAL 
-0.5 
1 
V 
I 
"T 


'~ 
Supply Voltage 
Vee 
-0.5 
70 
V 
I'/'..,...,..,......"l- 


Electrical/Optical Characteristics 


-40° C to +85° C; 
4.75 S;Vee S;5.25; 
RLOAD= 5110 
unless otherwise specified 


Parameter 
Symbol 
Min, 
Typl41 
Max. 
Unit 
Conditions 
Reference 


Responsivitity 
Rp 
5.1 
7 
10.9 
mVlp.W 
TA = 25°C 
Note 10 
at 820 nm 
Figure 3 


4.6 
12.3 
mV/JlW 
-40 S;TAS;+85° C 


RMS Out~ut 
VNO 
.30 
.36 
mV 
TA = 25°C, 


Noise Vo tage 
P,N=OJlW 
Figures 4,7 


43 
mV 
-40 S;TA S;85°C, 
P,N=0 p.W 


Input Power 
-12.6 
dBm 
TA = 25°C 
Note 2 


55 
JlW 
PR 
-14 
dBm 
-40 S;TA ::;;85° C 


-40 
JlW 


Output Impedance 
Zo 
20 
II 
Test Frequency = 
20 MHz 


DC Output Voltage 
Vode 
.7 
V 
PIN=OP.W 


Power Supply Current 
Ice 
34 
6.0 
mA 
RLOAO= 00 


Equivalent N.A. 
NA 
.35 


Equivalent Diameter 
DR 
250 
Jlm 
Note 3 


Equivalent Optical Noise 
-437 
-40.3 
dBm 


Input Power 
PN 
.042 
.094 
JlW 


Dynamic Characteristics 


-40° C to +850 C; 
4.75 S;Vee S;5.25; 
RLOAD= 5110, 
CLOAD= 13 pF unless otherwise specified 


Parameter 
Symbol 
Min. 
TypPl 
Max. 
Units 
Conditions 
Reference 


Rise/Fall Time, 
t" tf 
14 
19.5 
ns 
TA = 25°C 
10% to 90% 
PIN= 10 p.WPeak 
Note 5 


26 
ns 
-40::;; TA::;;85°C 
Figures 8,9 


Pulse Width Distortion 
tphl- 
tplh 
2 
ns 
PIN= 40 p.W Peak 
Figure 9 


Overshoot 
4 
% 
TA = 25°C 
Note 6 
Figures 8, 9 


Bandwidth 
25 
MHz 


Power Supply 
Rejection 
PSRR 
50 
dB 
at2 MHz 
Note 7 
Ratio {Referred to 
Figures 5, 6 
Outputl 


Notes: 
1. 
2.0 mm from 
where 
leads enter case. 


2. 
If Pin >40 JjW, then pulse width 
distortion 
may Increase. 
At Pin=80JjW 


and TA = 850 C, some 
units 
have exhibited 
as much 
as 100 ns pulse 
width distortion. 


Notes (cont.): 


3. DR is the effective 
diameter 
of the detector 
image on the plane 01 the 
fiber face. The numerical 
value is the product 
of the actual detector 
diameter 
and the lens magnification. 


4. Typical 
specifications 
are for operation 
at TA = 25°C 
and Vcc = 5.QV. 
5. Input 
optical 
signal 
is assumed 
to have 10% - 
90% rise and fall times of 
less than 6 ns. 


6. Percent 
overshoot 
is defined 
as: 


VP"v-;-oo"~OO% x 100% 
SeeFigure 16. 


7. Output 
referred 
P.S.R.R. 
is defined 
as 


20 log 
( 
Your 
- RIPPLE 
) 
VPOWER 
SUPPLY 
- RIPPLE 


8. It is essential 
that a bypass capacitor 
,0.01 ,uF to 0.1 ,uF ceramic) 
be 
connected 
from pin 4 ,VCC1 to pin 3 (circuit 
common) 
of the receiver. 


Total lead length 
between both ends of the capacitor 
and'the 
pins 
should 
be less than 20 mm. 
9. HFBR-3000 
series 
Fiber 
Cable 
is specified 
at a narrower 
temperature 
range, -200 C to 850 C. 


10. 
VOUT 
== VODe 
- 
(Rp 
x PIN). 
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Figure 4. Receiver Noise Spectral 
Density 


HP 1120A 
500 MHI 
ACTIVE 
PROBE 
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NOTES: 
1. DIMENSIONS 
ARE IN mm 
(INCHES). 


2. UNLESS OTHERWISE 
SPECIFIED, 
THE TOLERANCES 
ARE: 


.X:!. .51 mm. (.XX 
1: .02 in.) 
.XX!. .13 mm (.XXX t .005 in.) 


3. FIBER END IS LOCKED flUSH 
WITH FERRULE 
FACE. 


36.0:!: 
1.3 


1(1.42,.051 
.--- 
6.73 
1.2651 


FERRULE 


2.499 
± .005 


(.0984 
± .0002l 


II~t 
I~~~) 
REF. 
PLANE 
FOR 
CABLE 
LENGTH 
I 


Mounting 
at the edge 
of a printed 
circuit 
board 
with 
the 
lock nut overhanging 
the edge is recommended. 


When bending 
the leads, avoid sharp bends right where the 
lead enters 
the backfill, 
Use needle 
nose pliers 
to support 


:::::: 
::::::: 
@() 


1/4 x ,005 
INCH WASHER 
~ 


DIMENSIONS 
FOR 
BULKHEAD 
MOUNTING 
HOLE 
··FID 
6.25 
(.250) 


CIA. 


(STANDARD 
1/4 INCH 
"D" HQlE·- 
AU PUNCH) 


the leads at the base of the package 
and bend the leads as 


desired, 


When 
soldering, 
it is advisable 
to leave the protective 
cap 
on the unit to keep the optics 
clean, 


2-56 
SELF 
TAPPING 
SCREWS 
~ 


(METRIC 
EQUIV, 
M2,2 x 0,451 
~ 


MOUNTING 
HARDWARE: 
HFBR-4201 
(HFBR-2203) 


1 EMI/ESD 
SHI ELD 
1 1/4-32 NUT 
1 1/4)( 
.005 INCH WASHER 


2 
2-56 
SELF 
TAPPING 
SCREWS 


1 MOUNTING 
BRACKET 


MOUNTING 
HARDWARE: 
HFBR-4202 
{HFBR-22041 


1 EMI/ESD 
SHI ElD 
1 1/4-36 NUT 
1 1/4 x .005 INCH 
WASHER 


2 
2-56 
SELF 
TAPPING 
SCREWS 


, 
MOUNTING 
BRACKET 


HFBR-1201 
(HP Connector 
Compatible) 


HFBR-1202 
(SMA 
Connector 
Compatible) 


HFBR-1203 
(HP Connector 
Compatible) 


HFBR-1204 
(SMA 
Connector 
Compatible) 


HFBR-2203 
(HP Connector 
Compatible) 


HFBR-2204 
(SMA Connector 
Compatible) 


Mounting 
Hardware: 
HFBR-4201 
(HP Connector 
Compatible) 


HFBR-4202 
(SMA 
Connector 
Compatible) 


Fiber Optic 
Cable 
- 
see data sheets 


HFBR-3000 
Single 
Channel 
Connectored 
- 
Custom 
Lengths 
HFBR-3100 
Dual Channel 
Connectored 
- 
Custom 
Lengths 
Note: 
Option 
001 
specifies 
HFBR-4000 
connector 
and 
Option 
002 specifies 
SMA connectors, 


HFBR-3001 
Single 
Channel 
Connectored 
- 
10 metres 


(HFBR-4000 
connectors) 


HFBR-3021 
Single 
Channel 
Connectored 
- 
10 metres 


(SMA connectors) 


HFBR-3200 
Unconnectored 
Single 
Channel 
- 
Custom 
Lengths 
HFBR-3300 
Unconnectored 
Dual Channel 
- 
Custom 
Lengths 


rh~ HEWLETT 
a:~ 
PACKARD 


Features 


• 
GUARANTEED 
LINK PERFORMANCE 


• 
DISTANCE/DATA 
RATE TRADEOFF 
ALLOWS 
INCREASED 
OPTICAL 
POWER 
BUDGET 
AT 
LOWER 
DATA 
RATES 


• 
TTL I/O 


• 
20 MBAUD 
DATA 
RATE (CAN 
BE MODIFIED 
FOR 40 MBd OPERATION) 


• 
COMPATIBLE 
WITH 
MOST 
DATA 
FORMATS 


• 
AVAILABLE 
WITH 
HP OR SMA STYLE 
CONNECTORS 


• 
LINK LENGTHS 
TYPICALLY 
GREATER 
THAN 
1 km AT 20 MBd 
Applications 


• 
DESIGN 
AID FOR HIGH 
SPEED 
FIBER OPTIC 
COMPONENTS 


• 
DATA ACQUISITION 
AND PROCESS 
CONTROL 


• 
SECURE 
DATA 
COMMUNICATION 


• 
EMC REGULATED 
SYSTEMS 
(FCCIVDE) 


• 
EXPLOSION 
PROOF 
SYSTEMS 


• 
WEIGHT 
SENSITIVE 
SYSTEMS 
(e.g. AVIONICS, 
MOBILE 
STATIONS) 
Description 


The 
HFBR-0221/2/3/4 
High 
Speed 
Fiber 
Optic 
Transceiv- 
ers are printed circuit board assemblies containing 
HFBR-1201/ 


-1202 Transmitters. 
HFBR-2203/-2204 
Receivers 
and sup- 
port 
circuitry 
to 
provide 
TTL 
input 
and 
complementary 
TTL 
outputs. 
The 
performance 
of these 
transceivers 
at 


20 M Bd has been characterized 
over 0° C to 70° C and total 


link performance 
with 
HFBR-3000 
Fiber Cable/Connector 
Assembly 
is guaranteed. 


HIGH SPEED 
FIBER OPTIC 
TRANSCEIVERS 


HFBR-0221 
HFBR-0222 
HFBR·0223 
HFBR-0224 


These 
transceivers 
are 
optimized 
for 
20 
MBd 
operation. 


However. 
the support 
circuitry 
on the printed 
circuit 
board 
can 
be optimized 
for other 
data 
rates. 
Recommendations 
for 
component 
values 
and 
anticipated 
performance 
for 


operation 
at 1 MBd.5 
MBd and 40 MBd are included 
in the 


"Application 
Information" 
section. 


There 
are two 
transceiver 
designs 
(available 
with 
HP or 


SMA 
style 
connector 
portsl 
which 
accommodate 
various 


data formats. 
The HFBR-0221/0222 
transceivers 
are optim- 
ized for data formats 
which 
have 50 percent 
duty 
factors 


such 
as Manchester 
and 
biphase. 
The 
HFBR-0223/-0224 


transceivers 
are designed 
for arbitrary 
data formats 
includ- 
ing 
most 
NRZ 
schemes 
(see 
"Circuit 
Description" 
for 


details!. 


The transceivers 
can 
be mounted 
via an edge 
card 
con- 
nector, 
either 
parallel 
or 
perpendicular 
to 
a 
reference 


printed 
circuit 
board. 
A right angle edge card connector 
is 
included 
with each transceiver 
for parallel 
mounting. • 


r--636 (2.61--t 


-50.8(2.01 
,1-16.36(0.251 
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~- 
2.910.12. 
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••ymool 
Mm. 
Max. 
Units 


Data. Data 
-0.5 
5.25 
V 
+Vcc 
4.75 
5.25 
+Vcc. 
Data In 
Supply 
Voltage 
V 
-Vcc 
-4.5 
-6.5 
-Vcc 
-6.5 
+0.5 
V 


Storage 
Operating 
TA 
0 
70 
°C 


Temperaturel1 
Ts 
-55 
85 
·C 
Temperature 


Duty 
Factor 
HFBR-0221/22 
33 
67 
OF 
% 
HFBR-Q223/24 
5 
95 


Data Rate Range 
0.Q1 
20 
MBd 


Electrical/Optical Characteristics 
(Recommended 
operating 
conditions 
for transceiver 
optimized 
for 20 MBd apply. 
unless 
otherwise 
specified) 


Parameter 
Symbol 
Conditions 
Min. 
Typ.l51 
Max. 
Units 


Optical 
Power 
Budget 
When 
used with 
HFBR-3000 
HFBR-Q221/2 
Fiber Cable/Connectors. 
9 
15.5 
OPB 
Data Rate = 20 MBd 
dB 
HFBR-Q223/4 
BER = 10-9 
5 
11 


Pulse 
Distortion 
HFBR-Q221/2 
tPLH- 
7 
12.5 
ns 
HFBR-0223/4 
tPHL 
2 
12.5 


Data Output 
Response 
Timel21 
tr 
7 
ns 
tf 
5 


Transceiver 


Propagation 
Delay 3, 
tPLH. 
70 
tpHL 
ns 


Power 
Consumption 


+Vcc 
750 
mW 
-Vcc 
125 


Transmitter 
Output 
Optical 
Power 
41 
-18 
-16.5 
dBm 


Power 
coupled 
into 
PT 
Data In is high, TA = 25° C 
15.8 
22.4 
p.W 
HFBR-3000 
Fiber Cable/ 


Connector 
Assembly 
0< 
TA < 70°C 
-19 
dBm 


Data In is high 
12.6 
p.W 


Optical 
Rise and Fall Times 
tr.o tf,o 
10% to 90% 
10 
ns 


Receiver 
Optical 
Sensitivity 
-28 
-32 
dBm 
HFBR-Q221/2 
Data Rate = 20 MBd 
1.6 
0.6 
p.W 
PR 
BER = 10-9 
-24 
-27.5 
dBm 
HFBR-Q223/4 
4 
1.8 
p.W 


TTL 
Gate Fanout 
4 


WARNING: 
OBSERVING 
THE 
TRANSMITTER 
OUTPUT 
POWER 
UNDER 
MAGNIFICATION 
MAY 
CAUSE 
INJURY 
3. Transceiver 
propagation 
delay is measured 
by looping 
the 


TO 
THE 
EYE. 
When 
viewed 
with 
the 
unaided 
eye. 
the 
transmitter 
back 
on the 
receiver 
with 
one 
metre 
of fiber 


infrared 
output 
is 
radiologically 
safe: 
however. 
when 
cable. 
Transceiver 
propagation 
delay 
is the time 
interval 


viewed 
under 
magnification, 
precaution 
should 
be taken 
to 
between a signal applied to the DATA IN pad and the signal 


avoid 
exceeding 
the 
limits 
recommended 
in 
ANSI 
received at the DATA OUT pad. 


Z136.1-1981. 
4. 
Measured at the end of one metre of HFBR-3000 Fiber Optic 


Notes: 
Connector/Cable 
Assembly 
with a large area detector 
and 


1. Operating 
temperature 
of HFBR-3000 Fiber Cable/Con nec- 
cladding 
modes 
stripped 
(NA = 0.281. This 
represents 
a 


tor is -20" C to +70" C. 
standard test fiber. 


2. 
Data Output Response Time is the 10% to 90% electrical 
rise 
5. Typical 
specifications 
are at 25" C and Vcc = 5 V and -Vcc = 


and fall time on PIN 6 (DATAl and PIN 5IDATAI. 
-5 V. 


Equipment 
Needed 


1. Dual power 
supply 
(HP 623613) 


2. 100 MHz oscilloscope 
(HP 1725A) 


3. Active 
oscilloscope 
probe 
and 
probe 
tip 
(HP 1120Al 


1122A) 


4. 10:1 divider 
for oscilloscope 
probe (HP 10241 A) 


5. 50 MHz pulse generator 
(HP 8082A) 


6. Miscellaneous 
cables and connectors 


Procedure 


1. Connect 
fiber 
cable 
and 
edge 
card 
conector 
to 
the 


transceiver 
board. 


2. Adjust 
the power 
supply 
to +5 V and -5 
V. Then 
con- 


nect 
to the 
transceiver 
board 
as shown 
below. 
Take 
care not to exceed 
the recommended 
operating 
voltage. 


3. Adjust 
the 
pulse 
generator 
for TTL 
level square 
wave 
(+3 VI with a 5 nsec, edge transition 
time and then con- 


nect to the transceiver 
board. 


4. Use 
the 
oscilloscope 
with 
the 
active 
probe 
and 
10:1 


divider 
to observe 
the input and output 
waveforms. 


I 


Notes: 
1. The data out observed through the active probe exhibits overshoot at the rising edge. This overshoot will disappear if the output is 
loaded to drive a TTL input. 


2. Oscilloscope inputs should be terminated into 50 ohms. 
3. The active probe should be set on DC for observation of lower data rates. The offset on the active probe should be otto 
4. The active probe is used to avoid reflection in the observed signal through impedance matching. 
5. If necessary clean the optical port of the fiber connectors with Acetone before connecting them to the transceivers. 


Connector 
Style 
Data Format 


HFBR-0221 
HP 
33 to 67% Duty Factor 
(For use with code schemes 
HFBR-0222 
SMA 
such as Manchester 
and Biphase) 


HFBR-0223 
HP 
5 to 95% Duty Factor 
(For use with code schemes 
HFBR-0224 
SMA 
such as NRZ and NRZtl 


HFBR-3000 
Single 
Channel 
Connectored 
- 


Custom 
Lengths 


HFBR-3100 
Dual Channel 
Connectored 
- 
Custom 
Lengths 


NOTE: Option 001 specifies 
HFBR-4000 IHPI connector 
and 
Option 002 specifies SMA style connectors. 


HFBR-3001 
Single 
Channel 
Connectored 
- 
10 metres 
(HFBR-4000 
connectors) 


HFBR-3021 
Single 
Channel 
Connectored 
- 
10 metres 


(SMA connectors) 


HFBR-3200 
Unconnectored 
Single 
Channel 
- 


Custom 
Lengths 


HFBR-3300 
Unconnectored 
Dual Channel 
- 
Custom 
Lengths 


Application Information 


TRANSCEIVER 
CIRCUIT 
DESCRIPTION 


There 
are separate 
transmitting 
and receiving 
circuits 
that 
function 
independently 
so data 
may 
be simultaneously 
sent and received 
without 
mutual 
interference. 


Transmilting 
Circuil 


On the transmitter 
side, 
the DATA 
IN terminal 
operates 
from TTL-Ievel 
signals; 
the HFBR-1201/2 
Transmitter 
is off 


(PT = Q) with 
DATA 
IN low, and is on with 
DATA 
IN high. 


R12 holds 
the 
input 
low 
in 
the 
absence 
of 
anything 
connected. 
In this condition, 
the output 
transistor 
of U3 is 
on, and 
the current 
from 
R2 is taken 
to ground 
through 
CR1, making 
the voltage 
at the anode 
of the HFBR-1201/2 
transmitter 
low enough 
to hold the LED off, yet allow 
it to 
be slightly 
forward 
biased (by the forward 
voltage 
on CR1) 


so it can be turned 
on with 
little 
delay. 
With 
insignificant 
forward 
current 
in the LED, C3 is discharged. 
When DATA 
IN 
is raised, 
the 
output 
transistor 
of 
U3 
is turned 
off, 


allowing 
the current 
from 
R2 to enter the LED; there is an 
inilial 
rush of current 
as C3 charges, 
thus peaking 
the LED 
turn-on. 
In steady state "on", 
LED current 
is limited 
by the 
sum of R2 and R3, but during 
turn-on 
current 
is limited 
by 
R2 only, 
so the peak-to-dc 
current 
ratio 
is approximately 


(R2 + R3)/R2. During 
turn-off, 
until C3 is partly discharged, 


the voltage 
on C3 will apply 
a small 
reverse voltage 
to the 
LED, thus peaking 
its turn-off 
as long as the voltage 
on C3 
remains 
higher than the voltage at the anode of CR,. 


Receiving 
Circuil 


On 
the 
receiving 
side 
there 
is 
a 
similar 
relationship 
between 
the optical 
power 
and the TTL-Ievel 
signals; 
that 
is, a rising 
input 
optical 
power 
excursion 
will 
normally 


cause a logic high DATA OUT. 


Under 
steady-state 
conditions 
of optical 
input, 
both 
the 
positive 
and negative 
inputs 
of U1 are at ground 
potential, 


so the output 
of U1 is near zero and therefore 
capable 
of 
excursions 
either 
up or down 
in response 
to changes 
at its 
input. 
U2 is a comparator; 
when 
connected 
as shown 
it 
has positive 
feedback 
from 
DATA 
OUT when 
DATA 
OUT 
is high, 
and 
from 
DATA 
OUT 
when 
DATA 
OUT 
is low. 
This 
positive 
feedback 
makes 
it operate 
as a Schmitt 
cir- 
cuit, 
the 
hysteresis 
thresholds 
being 
established 
by the 
voltage 
division 
ratios 
in Rll, 
Rg when 
DATA 
OUT is high 
and in RlO, Rs when DATA OUT is low. 


Under 
dynamic 
conditions, 
a rise in optical 
input 
power 
causes the voltage 
at pin 2 of the HFBR-2203/-2204 
to fall. 


This 
fall 
is ac-coupled 
by C" 
to the input, 
pin 
1, of U1, 


where 
il is amplified 
and converted 
to a balanced 
output 
signal, 
rising 
at pin 8 and falling 
at pin 7. The falling 
signal 
coupled 
by C13 to U2 will, 
if the amplitude 
exceeds 
the 
hysteresis 
threshold, 
cause 
U2 to 
latch 
a logic 
high 
at 
DATA 
OUT. 
Similarly, 
a drop 
in optical 
input 
power 
will 
cause U2 to latch a logic 
high at DATA OUT (low at DATA 
OUTJ. 


After a change 
in optical 
input 
power, the U1 amplifier 
cir- 
cuit 
may 
return 
to steady-state 
conditions, 
but 
U2 holds 
the logic 
state 
until 
an opposite 
excursion 
occurs 
unless 
Ihere 
is a noise-voltage 
excursion 
that causes logic 
rever- 
sal. Consequently, 
the threshold 
set at U2 must 
be high 
enough 
that 
neither 
electromagnetic 
interference 
coupled 
from 
elsewhere 
on the circuit 
board, 
nor 
Receiver 
noise 
amplified 
through 
U1 can cause 
a false change. 
On the 
other 
hand, 
if the threshold 
is set too high, 
the Receiver 


would 
require 
inappropriately 
large 
changes 
in 
optical 
input power 
in order to make U2 change 
state properly. 


Within 
the limits 
of its dynamic 
range, 
U1 operates 
line- 
arly, so the threshold 
at U2 can be referred 
to the input 
of 
U1 as an equivalent 
threshold 
voltage 
(i.e., divided 
by the 
gain 
of 
U1J. Similarly, 
the 
HFBR-2203/-2204 
Receiver 
makes a linear 
conversion 
of optical 
input 
to voltage 
out- 
put (typically 
7 mV per JJW), so the U2 threshold 
can be 
referred 
to the optical 
input as an equivalent 
optical 
power 
level. Consequently, 
changes 
of either 
the gain 
of U1 or 
the threshold 
at U2 affect 
the threshold-equivalent 
input 
power. 


Likewise, 
the rms noise voltage 
at the input 
of U1 can be 
referred 
to 
the 
optical 
input 
as 
noise-equivalent 
input 
power. 


Sensitivity 
is defined 
relative to noise and threshold, 
as the 
optical 
input 
power 
excursion 
needed 
to obtain 
reliable 
operation. 
It can be improved 
by applying 
bandwidth 
filter- 
ing to reduce 
the noise amplitude. 
Since 
the HFBR-2203/ 


-2204 Receiver 
is well shielded, 
its output 
noise is due only 
to shot and thermal 
noise, for which 
the amplitude 
varies 
as the square 
root of the bandwidth. 
Consequently, 
apply- 
ing 
bandwidth 
filtering 
at 
the 
output 
of 
the 
Receiver 
reduces 
the 
noise 
in the 
rest of the circuit. 
How 
this 
is 
done and with 
what benefit 
is discussed 
in the section 
on 


"Sensitivity 
Improvement 
with Data Rate Reduction". 


Bandwidth 
filtering 
is useless 
unless 
interference 
(EMil 
is 
less 
than 
the 
filter-reduced 
noise. 
For 
this 
reason 
the 
impedances 
to ground 
at the inputs 
of U1 must 
be bal- 
anced, 
even though 
the input 
signal 
from 
the HFBR-2203/ 


-2204 Receiver 
is single-ended. 
This is done by making 
Rs 


the 
same 
value 
as R6, and 
Cl1 
the 
same 
as C12. This 
makes 
the 
impedances 
balanced 
because 
the 
internal 
impedance 
of the Receiver's 
output 
is very 
low, and only 
low values of R13 are used for bandwidth 
filtering. 
Further 
neutralization 
of 
EMI 
is achieved 
by 
making 
the 
traces 
connecting 
to the inputs 
of U1 of approximately 
the same 
length and located 
as close together 
as possible. 


DESIGN 
DIFFERENCES 


(HFBR-0221/-0222 
and HFBR-0223/-0224) 


The two versions 
of the Transceiver 
are designed 
with dif- 
ferent 
data-handling 
objectives. 
The 
HFBR-D221/-0222 
is 
intended 
for use with signals 
having a nearly 50% duty fac- 
tor (such 
as Biphase 
or Manchester 
coded 
signalsJ. 
The 
HFBR-0223/-0224 
is intended 
for use as an edge detector 


(differentiator); 
with 
a very short 
time constant 
at C13 and 
C14, 
the 
voltage 
levels 
are 
restored 
so 
rapidly 
that 
response 
time 
is virtually 
unaffected 
by the time differen- 
ces 
between 
transitions 
in 
optical 
power, 
and 
for 
this 
reason 
it is capable 
of dealing 
with 
an arbitrary 
data for- 
mat, such as NRZ and NRZI coded signals. 


The difference 
in response 
modes 
is shown 
in Figure 
1. It 
is clear 
that 
for 
the 
HFBR-0223/-0224 
version, 
the 
edge 
timing 
is restricted 
only 
at the 
low 
end 
(minimum 
edge 
spacing 
or maximum 
signalling 
rate), where encroachment 
of one 
pulse 
might 
affect 
the 
next. 
For the 
HFBR-0221/ 


-0222 version, 
a duty factor 
much 
more or much 
less than 
50% would 
reduce 
the signal-to-noise 
ratio 
and also add 
propagation 
delay distortion. 


Circuit 
adjustments 
to realize these differences 
in perfor- 
mance are mainly 
in the receiving 
side. Obviously, 
for the 
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HFBR-0221/-0222 
version 
it is necessary 
only to make the 
time 
constants 
of C13 and 
C14 long 
enough 
to couple 
a 
rectangular 
waveform 
to the inputs 
of U2, then set U1 for 
high 
gain and make the thresholds 
at U2 the value which 
provides 
a threshold-to-noise 
ratio 
greater 
than 
six. 
For 
the HFBR-02211-0222 
version 
the time constant 
of C13, C14 
must 
be 
less 
than 
a third 
of 
the 
shortest 
time 
desired 
between 
successive 
edges. 
The 
peak amplitude 
of pulses 
reaching 
U2 will 
be limited 
by the short 
time 
constant, 
a 
situation 
which 
can 
be remedied 
somewhat 
by lowering 
the gain of U1 (thus raising 
its bandwidthl. 
This, in turn will 
require 
reduction 
of the threshold 
at U2. 


There is a limit to how far the U2 threshold 
can be reduced 
without 
making 
it too vulnerable 
to EMI from the transmit- 
ting side. Because 
of these design 
constraints, 
the accom- 


modation 
of 
arbitrary 
data 
format 
is 
obtained 
at 
the 
expense 
of sensitivity; 
that 
is, the 
HFBR-0223/-Q224 
ver- 
sion 
requires 
excursions 
of optical 
input 
power 
slightly 
higher 
than 
the excursions 
required 
by the HFBR-0221/- 
0222 version. 


There 
is also a limit to how much 
gain adjustment 
is pos- 


sible at U1. The maximum 
possible 
gain is 400 with R7 = 0, 
so the gain increase 
that is available 
is approximately 
6 dB 


(i.e. x4 because 
of the linear 
relationship 
to input 
powerl. 


Raising 
the 
gain 
by 
a factor 
of 
four 
permits 
sensitivity 
improvement 
by 
the 
same 
ratio 
if the 
noise 
bandwidth 
is reduced 
by sixteen times. 


On the transmitting 
side the difference 
is very small. 
Both 


versions 
are operated 
at the same steady-state 
input 
cur- 


rent 
to the 
HFBR-1201/-1202 
Transmitter 
LED, 
but 
they 
have different 
peak-to-dc 
current 
ratios. 
The 
purpose 
of 
the peaking 
is mainly 
to charge 
the LED and stray capac- 


itances, so the 2:1 peak-te-dc 
current ratio in the HFBR-Q221/ 


-0222 
version 
does 
not 
overstress 
the 
LED even 
though 
the 80 mA peak exceeds 
the 40 mA data sheet specifica- 
tion 
for 
that 
part. 
In the 
HFBR-0223/-0224 
version, 
the 
peaking 
is slightly 
reduced 
to make sure the trailing 
edge 
of the peak will not be sensed 
by the receiving 
circuit 
as a 
negative 
data transition. 


In so far as possible, 
given the limited 
space, the sensitive 
portions 
of the receiving 
circuit 
are spaced 
away from 
the 
parts of the transmitting 
circuit 
that have large excursions 
of current 
and 
voltage. 
Components 
that 
have 
no signal 


function 
(power 
supply 
decoupling 
elements) 
are placed in 
the space 
between 
the receiving 
and transmitting 
circuits 
to 
further 
enhance 
the 
shielding. 
Traces 
connecting 
to 


balanced 
inputs 
are made as nearly 
as possible 
the same 


length 
and 
closely 
spaced. 
Of 
course, 
a ground-plane 
style of PC board 
layout 
is used, and the EMI/ESD 
Shields 
in the HFBR-4201/-4202 
Mounting 
Hardware 
are installed. 


The 
transmitting 
side 
requires 
only 
a single 
+5 V power 


supply. 
Because 
of 
the 
large 
excursion 
currents 
in the 


• 


un-me 
receiving 
side, the -5 
V supply 
has only 
the input 
bypass 
CS,C7 and 
single 
decoupling 
for 
U1 
by 
L2,CB. 
Since 
the +5 V supply 
is shared 
with 
the transmitting 
cir- 
cuit, 
considerable 
decoupling 
is 
needed 
to 
reduce 
interference. 
For U2 there 
is the first stage, 
L4, C4, Cs; for 


U1 a second 
stage, 
L3,C9; and 
for 
the 
HFBR-2203/-2204 
Receiver 
a third 
stage, R4,ClO. 


SENSITIVITY 
IMPROVEMENT 
WITH 
DATA 
RATE REDUCTION 


In a well-shielded 
receiver 
circuit, 
sensitivity 
is not limited 
by electro 
magnetic 
interference 
(EMil, 
but rather 
by ran- 
dom 
(Gaussian) 
noise 
for 
which 
the 
amplitude 
varies 
as 
the square 
root of the bandwidth. 
Sensitivity 
is defined 
as 
the amplitude 
of signal 
power 
needed to obtain 
sufficiently 
low 
Bit-Error 
Rate 
lBER), 
also 
known 
as 
Probability 
of 
Error, 
Pe. Obtaining 
Pe < 10-g in an ac-coupled 
circuit 
with 
hysteresis, 
such 
as used in HFBR-0221/-0222 
and 
HFBR- 


0223/-0224, 
requires 


a ) 
T > 6N to prevent 
false transition 
of output 


b) 
P > (T + 6N) to assure desired 
transition, 


where 


N = noise-equivalent 
input 
power 
(p.W) 


T = threshold-equivalent 
input 
power 
(p.W) 


P = excursion 
amplitude 
of input 
power 
(p.W) 


Noise 
reduction 
by filtering 
allows 
sensitivity 
improvement 
by reducing 
the 
noise 
amplitude. 
The 
filtered 
noise 
has 
amplitude, 
N in a bandwidth, 
B and the filtered/unfiltered 
noise ratio is: 


NINo = [B/Bolo.s 
as described 
above, 


where 


No = reference 
noise in a bandwidth, 
Bo 
Bo = 25 MHz, the unfiltered 
3-dB bandwidth 
of the 
HFBR-2203/4 
Receiver 


threshold 
adjustment 
is made, there is still some sensitivity 


improvement, 
but the improvement 
factor 
may be consid- 


erably 
less: 


P/Po = NINo for threshold 
adjustment: 
TIT 0 = NINo 


P/Po = (1 + N/Nol/2 
for no threshold 
adjustment 


Bandwidth 
reduction 
is accomplished 
by lengthening 
the 


time 
constant 
at 
the 
output 
of 
the 
HFBR-2203/-2204 


Receiver. 
The bandwidth, 
B, obtained 
by doing 
this is: 


B = 1/[(2 
<17"» 
(Req) (C17)1 


where 


Req = equivalent 
resistance 
of Rs and 
R13 in parallel = 


1/(1/Rs 
+ l/R131 


C17 = capacitance 
added 
in parallel 
with Rs 


Threshold 
reduction 
can be done either 
by raising 
the gain 
of Ul 
or lowering 
the hysteresis 
set at U2, or by a combi- 


nation. 
The 
simpler 
of the two 
is raising 
the gain 
of Ul, 


since that requires 
changing 
the value of only one resistor, 


R7; lowering 
R7 raises 
the gain. 
The 
hysteresis 
setting 
at 


U2 should 
be kept balanced, 
so its reduction 
requires 
low- 
ering 
RB and 
Rg or raising 
RlO and 
R11. It may 
even 
be 


necessary 
to change 
all four, 
since 
their 
values 
affect 
the 
time 
constant 
with 
C13 and 
C14. The 
HFBR-Q22l/-0222 


requires 
a long time 
constant, 
while 
the HFBR-0223/-0224 


requires 
the time constant 
be kept short. 


Bandwidth 
reduction 
will, 
or course, 
reduce 
the speed 
of 


response, 
and therefore 
the signalling 
rate will be reduced. 


A good 
rule for relating 
signalling 
rate to bandwidth 
is the 


ratio: 
two 
baud 
per 
hertz; 
that 
is, a 2 
MHz 
bandwidth 


allows 
4 MBd signalling. 


A set of recommended 
component 
values 
and the antici- 
pated result of such selection 
is listed in Table 
1. 


Table 1. Recommended 
Component 
Values and Typical 
Transceiver 
Performance 
(O°C to 70°C) 


For HFBR-0221/-0222: 
(0.33 < Duty Factor < 0.67) 


1 MBd 
5MBd 
20 MBd 
40 MBd 


R1310hms) 
100 
100 
zero 
zero 


C17 (pF) 
3300 
680 
100 
100 


R7 (ohms) 
zero 
20 
110 
402 


RB and Rg (ohms) 
1.0 k 
1.0 k 
1.0 k 
1.0 k 


R10 and Rll 
(ohms) 
26.1 k 
14.7 k 
14.7 k 
14.7 k 


Minimum 
Power Budget 
(dB) 
I 
For Cabling 
Loss 


Cable Length 
(metres) 
I 
@5.5dB/km 


Table 
1. Recommended 
Component 
Values 
and Typical 
Transceiver 
Performance 
(0° C to 70° C) (conU 


For HFBR-0223/·0224: 
(O.OS < Duty 
Factor < 0.95) 


1 MBd 
5MBd 
20 MBd 


R13 (ohms) 
100 
100 
zero 


C17 (pF) 
3300 
680 
100 


R7 (ohms) 
82.5 
402 
1620 


C13 and C14 (pF) 
1000 
220 
68 


Ra and Rg (ohms) 
O.215k 
0.215k 
0.215k 


RlO and Rll 
(ohms) 
8.25 k 
8.25 k 
8.25 k 


Minimum 
Power 
Budget 
(dB) 
! For Cabtlng Loss 
13.5 
10.0 
5.0 


Cable 
Length 
(metres) 


I @55dB/km 
2400 
1800 
900 


Schematic 


II 
A, 


+5 V 


J-2 


C15f---TC16 
A, 
'l 


DATA 
IN 
• 


J-1 
C, 
A, 


GND 
J-3 
W, 
l, 
-= 


-5.2 
V 
J-' 


C'L-I 


C 
' 


-= 
l, 


C'~CS 


A, 


A,o 
c,o 
-= 


DATA 
OUT 
C13 
A13 Cll 
'i 
J-5 


DATA 
OUT 
J-6 
As 
C14 
Ax 
All 


C12 


COMPONENTS 
LIST 


Common 
Components 


Resistors 


R1 
R4 


R5,6,12 


R13 


Capacitors 


Cl ,5,6,a,9,11,12,16 


C2 


C3,1? 


C4,?,15 


C1Q 


Inductors 


L1,2,3,4 


Diode 


CR1 


Integrated 
Circuits 


Ul 


U2 


U3 


Optional 
Jumpers 


W1,2,3 IW3 = R13) 


Part Description 


10K 11; 1%; 1/8W 


51.1 11; 1%; 1/8W 


lK 
11; 1% 1/8W 
o 11 (same as W3) 


0.1 I'F ceramic 


47 I'F tantalum 


100 pF 


4.7 I'F tantalum 


1 I'F ceramic 


2.7 I'H ± 10%; 
Q=40@7.9MHz 


dc res. = 0.55 ohms 


LM-733C 


LM-360N 


MC-75451 


DATA 
IN 


+5 V 


GROUND 


-DATA 
OUT 


DATA 
OUT 


-5 V 


HFBR-0221J-o222 
HFBR-0223I-o224 


Resistors 


R2 
43.00; 
1%; 1/2W 
51.0 11;5%; 1I2W 


R3 
42,20; 
1%; 1/8W 
31.60: 
1%; 1/8W 


R? 
11011:1%;1I8W 
1.62K 
11; 1%; 1/8W 


Ra.9 
lK 
11; 1%; 1I8W 
215 11; 1%; 1/8W 


R10,11 
14,7K 0; 
1%; 1I8W 
8.25K 
0: 1%; 1l8W 


Capacitors 


C13,14 
0.1 ;.tF ceramic 
68 pF 


HFBR·0221J-0223 
HFBR-0222J-o224 
Tx 
HFBR-1201 
HFBR-1202 


Rx 
HFBR-2203 
HFBR·2204 


Mounting 
Hardware 
HFBR-4201 
HFBR-4202 


Flidl 
HEWLETT 
~~ 
PACKARD 
FIBER OPTIC 100m 
HIGH PERFORMANCE 
TRANSMITTER 
MODULE 


Features 
• TRANSMISSION 
LENGTH: 100 METRES· 
• DATA RATE: DC TO 10 Mbaud· 
• NO DATA ENCODING REQUIRED· 
• TTL INPUT LEVELS 
• FUNCTIONAL LINK MONITORING· 
• SINGLE +5V SUPPLY 
• PCB MOUNTABLE, LOW PROFILE 
• INTEGRAL, HIGH QUALITY OPTICAL 
CONNECTOR 
• LOW POWER CONSUMPTION 
'When used with HFBR-2001Receiverand any Hewlett Packard 
HFBR-3000/-3100SeriesCable/Connector Assembly. 


Description 


The HFBR-1001 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data transmission over 
single fiber channels. A bipolar integrated circuit and a GaAsP LED convert TTL level inputs to optical pulses at data rates from 
de to 10Mb/s NRZ. An integral optical connector on the module allows easy interfacing without problems of source/fiber 
alignment. The low profile package is designed for direct printed circuit board mounting without additional heat sinking. 


The HFBR-1oo1 is intended for use with HFBR-3OO0fiber optic cable/connector 
assemblies, and the HFBR-2oo1 fiber optic 


receiver for transmission distances up to 100 metres. The HFBR-1OO1generates optical signals in either of two externally 
selectable modes. The internally-eoded mode produces a 3-level coded optical signal for reception and decoding by the HFBR- 
2001 receiver. This feature provides data format independence over the data rate range of de to 10Mb/s NRZ while allowing for 
wide dynamic range and high sensitivity at the receiver. The externally-eocled mode produces a 2-level optical signal which is a 
digital replica of the data input waveform. Used in this mode with the HFBR-2001 receiver, the user must provide proper data 
formatting (explained in the HFBR-2001 data sheet) to insure proper receiver operation. In either mode, the radiant output is 
radiologically 
safe (per ANSI Z136.1-19811. 
• 


CAUTION, 
t. lOCK 
NUT 
ANO 
BARREL 
SHOULD 
NOT 
BE DISTURBED. 
2. SCREWS 
ENTERING 
THE 
2·56 
THREADED 
MOUNTING 
HOLES 
MUST 
NOT 
TOUCH 
BOTTOM 
3. THE 
HFBR·3000 
CONNECTOR 
SHOULD 
NOT 
BE TIGHTENED 
BEVOND 
THE 
LIMITS 
SPECIFIED 
IN THE 
HFBR·3000DATA 
SHEET 


PIN 
FUNCTION 
, 
MODE 
SELECT 
2 
N.C. 


3 
GROUND 


4 
Voc 


5 
DATA 
INPUT 


NOTES: 
t. DIMENSIONS 
IN mm (INCHES) 
2, UNLESS 
OTHERWISE 
SPECIFIED 
THE 
TOLERANCE 
ON ALL 
DIMENSiONS 
IS' 
38mm 
I' .0'5'" 


Absolute 
Maximum 
Ratings 
Recommended 
operating 
Conditions 


Parameter 
Symbol 
Min 
Max 
Units 
Note 


Storage 
Temperature 
TS 
-55 
+85 
·c 


Operatinj) 
Temperature 
TA 
0 
70 
·c 
I Temperature 
260 
·C 
Lead Soldering 
I Time 
3 
10 
s 


Supply 
Voltage 
VCC 
-0.5 
6 
V 


Mooe Select or 
VI 
-0.5 
5.5 
V 
Data Input 
Voltage 


Parameter 
Symbol 
Min 
Max 
Units 
Note 


Ambient 
Temperature 
TA 
0 
70 
·C 


Supply 
Voltage 
VCC 
4.75 
5.25 
V 
4 


High .Level Input 
Voltage. 
VIH 
2.0 
VCC 
V 
Mode Select or Data Input 


Low Level Input 
Voltage. 
VIL 
0 
0.8 
V 
Mode Select or Data Input 


Data Input 
Voltage 
Pulse 
tHo tL 
100 
Duration 
(high or low) 
ns 


Parameter 
Symbol 
Min 
Typl61 
Max 
UnIts 
Conditions 
Fig. 
Note 


High Level 
Mode Salect 
IIH 
100 
jJA 
VCC = 5.25V, 
VI = 2AV 
Inpu t Current 
Data 
Input 
20 
2 
Low Level 
Mode Select 
IlL 
~ 
VCC = 5.25V, 
VI = OAV 
mA 
Input 
Current 
Data Input 
-0.6 


Supply 
Externally..coded 
170 
Mode Select 
Data Input 
High 


Current 
Mode 
High 
VCC=5.25V 


Data Input 
Low 
1. 
5 
ICC 
40 
mA 
VCC=4.75V 
2 


Internally-Coded 
68 
95 
125 
Mode Select 
Data Input 
High or Low 


Mode 
Low 
VCC=5.25V 


High Level 
PH 
67 
Data Input 
High 


Low Level 
PL 
3 
Mode Select High 
Data Input 
Low 
1, 
Optical 


Power 
Mid Level 
(average) 
PM 
35 
jJW 
Mode Select 
Low 
Data Input 
2. - 
. 
(peak-to-peak 
) 
Square 
Wave 
3 
ExcurSIon 
2 
lip 
22 
32 
Mode Select High 
at 500 kHz 
9 


Amplitude 
Symmetry,Flux 
Excursion 
Ratio 
k 
0.8 
1.2 
- 
Mode Select Low 
1 
7 


Exit Numericel 
Aperture 
N.A. 
0.5 
- 
3 


Optical 
Port 
(fiber optic corel 
Diam. 
DC 
200 
I'm 


Coupling 
from area mismatch 
(XA 
6.0 
with HFBR·3000 
Cable/Connector 


Loss 
from numerical 
aperture 
dB 
Assembly 
(XN.A. 
4.0 


mismatch 


Peak Emission 
Waveteogth 
hP 
700 
nm 
4 


Parameter 
Symbol 
Min 
TyJ6 
Max 
Units 
Conditions 
Fig. 
Note 


High·to-Low 
Data Input 
31 
Voltage 
Step 
tPHL 
ns 
Propagation 
VCC = 4.75 V 
1 
8 
Delay 
Low-to-High 
Data Input 


Voltage Step 
tPLH 
35 
ns 


Refresh 
Pulse 
I 
Duration 
tp 
60 
ns 


Internally..coded 
Mode I Repetition 
Rate 
VCC = 5.00 V. Mode Select 
Low 
1 
8 
fR 
400 
kHz 


MODE 
SELECT 
N.C. 
GND 
vee 


DATA 
INPUT 


HFBA-1OO1 
OPTICAL 
TRANSMITTER 


OPTICAL 
OUTPUT 


WITH 


MODE 
SELECT 
LOW 


OPTICAL 
OUTPUT 
WITH 


MODE 
SELECT 
HIGH 


//1T 


lED 
CURRENT 
SOURCES 
I 


1.• 
w~"z 


.8 
~ 
~ 


<t 
'" 
:I: Z 


.6 
~ 
~ 
Z 
~ 
o 
<t 
~~ 


.4 
~ 


X 
2 


1.2 


0~ 
1.0 
:. 


X 
2~ 
<ta:e- 
.6 
u~ 


"The optical 
fiber is recessed 
within the barrel at a distance 
of approximately 
7mm. Solid line represents 
radiation 
pattern from fiber 
stub without 
obscuration 
by connector 
barrel. 
Dashed 
line represents 
radiation 
pattern 
as seen from 
outside 
of connector. 


Notes (conl'd): 
3. Measured at a point 2mm (.079 in.) from where lead enters 
package. 
4. A supply decoupling 
network of 2.2/LH with 6O/LFis 
reoommended. 


5. Average currents for steady-state oonditions at Data Input. 
6. For typical values, Vcc = 5.00V and TA = 25°C. 
7. Optical 
power excursion 
ratio, k, is the ratio of optical power 
excursion above mid level to optical power excursion below mid 
level. 
k = PH- 
PM 
PM-Pl 


8. The refresh pulse is interrupted (abbreviated) n Data Input 
changes state during the refresh pulse. MAX propagation delay 
is for Data Input changing state during the maximum excursion 
of the refresh pulse. 


9. Optical power excursion 


~P = 0.5 (PH - 
PLI, or uP = 0.5 (PM - 
PLIo (Hkl. 


Notice that under the conditions 
specified for ~P, the average 
flux is (~P + Pli. 


Electrical Description 


The HFBR-1001 has two modes of operation: Intemally-Coded 
mode and Externally-Coded 
mode. These are selected by 
making the Mode Select input "low" for Internally-Coded mode 
and "high" for Externally-Coded 
mode. With Mode Select 


"low," the optical signal generator in the HFBR-1001produces 
a "mid-level" 
optical power which has positive or negative 
excursions, 
depending 
on whether Data Input is "high" or 


"low." 
In this 
Internally-Coded 
mode, a train of positive 
excursions 
is initiated 
when Data Input goes "high;" 
when 
Data Input goes "low," 
a train of negative excursions 
is 
initiated. These excursions are pulses of approximately 60ns 
duration with a 400 kHz repetition rate. Each initiation of a 
pulse train starts with a full-duration 
pulse. but when Data 
Input changes state, the train is terminated - 
even at mid- 
pulse - 
as a new train of opposite-polarity 
pulses is initiated. 


With this coding scheme and the low duty factor, the average 
optical power is always near the mid-level, regardless of the 
data rate or duration in either state. This coding scheme is 
designed to operate the HFBR 2001 Fiber Optic Receiver 
most effectively; the mid-level flux operates the Receiver's 
dc-restorer and the "refresh" pulses of either polarity keep the 
Receiver's ALC voltage at the proper level, allowing 
low 
propagation delay for any change of state at Data Input. The 
Internally-Coded 
mode 
permits 
transmission 
of 
analog 
information, 
e.g., by means of Pulse Width 
Modulation. 


Another advantage of the 3-level Internally-Coded 
mode is 
that supply current is nearly the same for either logic state, 
this reducing transients on the power supply line. 


With Mode Select "high," the optical signal is at full maximum 
(-2 
X mid level) when Data Input is "high," and nearly zero 
when Data Input is "low." This mode provides for these three 
applications: 


1. Steady state turn-on of the photo-emitter at maximum flux 
level (e.g., for system diagnosis). 


2. Stand-by mode (e.g., when the system is not in use). 


3. Transmission of 2-level optical 
signals from externally 
generated code (e.g., Manchester) for receivers not con- 
figured for the 3-level code. With Mode Select "high," the 
output is either PH, or PL. Direct analog operation is not 
possible due to hysteresis in the response of the optical 
signal to the Data Input signal. 


Mechanical and 
Thermal Considerations 


Typical power consumption is less than 500mW so the trans- 
mitter can be mounted without consideration for external heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Transmitter with 
the ferrule in the HFBR-3000 Fiber Optic Cable/Connector. 
The connection 
procedure is to FIRST start the Connector 


ferrule into the sleeve; THEN screw the coupling ring on the 
barrel. 
The 
barrel 
performs 
no 
alignment 
function; 
its 


purpose 
is to hold the ferrule 
faces together 
when the 


coupling 
ring is tightened 
as specified 
in the HFBR-3000 
Fiber Optic Cable/Connector 
data sheet. 


The HFBR-1001 should be mounted so that the lock nut at the 
optical port is not disturbed. Moving the lock nut can cause 
misalignment of the optical fiber stub inside the module result- 
ing in a reduction of power output. Mounting at the edge of a 
printed circuit board with the lock nut overhanging the edge is 
recommended. 


Good system performance 
requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air often 
is sufficient to remove particles of dirt; methanol or Freon'· on 
a cotton swab also works well. If it is absolutely necessary to 
remove 
the 
threaded 
barrel 
and 
lock 
nut to 
clean the 


transmitter 
ferrule 
face, refer to the section 
"Installation 


Measurement and Maintenance" in Hewlett-Packard Applica- 
tion Note 1000. 


Fh'3 HEWLETT 
E~ 
PACKARD 


FIBER OPTIC 1250m 
HIOH PERFORMANCE 
TRANSMITTER 
MODULE 


Features 


• PIN COMPATIBLE WITH HFBR-1001 
TRANSMITTER 
• TRANSMISSION 
LENGTH: 1250 METRES" 
• DATA RATE: DCTO 10 Mbaud" 
• NO DATA ENCODING REQUIRED" 
• TTL INPUT LEVELS 
• FUNCTIONAL LINK MONITORING" 
• SINGLE +5V SUPPLY 
• PCB MOUNTABLE, LOW PROFILE 
• INTEGRAL, HIGH QUALITY OPTICAL 
CONNECTOR 
• LOW POWER CONSUMPTION 
'When used with HFBR-2001 Receiver and any Hewlett Packard 
HFBR-3000/-3100 Series Cable/Connector 
Assembly. 


The HFBR-1002 fiber optic transmitter 
is an integrated electrical 
to optical transducer 
designed for digital 
data 


transmission over single optical fiber channels. A bipolar integrated circuit and a high efficiency GaAIAs LED convert 
TTL level inputs to optical pulses at data rates from dc to 10 Mbaud (see note 5). An integral optical connector on the 
module allows easy interfacing 
without problems of fiber alignment. The low profile rugged industrial package is 


designed for direct circuit board mounting without additional heat sinking on printed circuit boards with 12.7 mm (0.5") 
card rack spacing. 
The HFBR-1002 is intended for use with Hewlett-Packard fiber optic cable/connector assemblies, and the HFBR-2001 
fiber optic receiver for transmission distances to 1250 metres. It is a direct replacement for extending links currently using 
the HFBR-1001 (100 metre) transmitter to give 1250 metre capability. The HFBR-l002 generates optical signals in either of 
two externally selectable modes. True dc response (data high or low for arbitrary time interval) is available when using the 
Internally-Coded mode. 


WARNING: OBSERVING THE TRANSMITTER OUTPUT FLUX UNDER MAGNIFICATION 
MAY CAUSE INJURY TO 
THE EYE.When viewed with the unaided eye, the near IR output flux is radiologically safe; however, when viewed under 
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136,1-1981. 
package Dimensions 
• 


PIN 
FUNCTION 


1 
MODE 
SELECT 


2 
N.C. 
3 
GROUND 
4 
v" 
5 
DATA INPUT 


NOTES, 
" PIM£NSIONSIN 
mm (INCHES} 


•• UN••ess QTHERWISE 
SPECIFIED 
THE TO••eRANCE 
ON A•••• 


DIMeNSIONS IS ',38mm 
(, ,015"1 


Absolute 
Maximum Ratings 
Recommended 
Operating Conditions 


Parameter 
Symbol 
Min 
Max 
Units 
Note 


Storage TemperalUre 
TS 
-55 
+85 
°c 


Operating Temperature 
TA 
0 +70 
°e 
I Temperatura 
260 
°e 
Lead Soldering I Time 
3 
10 
s 


Supply Voltage 
Vcc 
-0.5 
6 
V 


Mode Selllet or 
VI 
-0.5 
5.5 
V 
Date Input Voltage 


Parameter 
Symbol 
Min 
Max 
Units 
Note 


Ambient TemperatUre 
TA 
0 
+70 
°e 


Supply Voltage 
VCC 
4.75 
5.25 
V 
4 


High Level Input Voltage. 


VIH 
2.0 
VCC 
V 


Mode Select or Deta 1nput 


Low Level Input Voltage, 


VIL 
0 
0.8 
V 


Mode Select or Date Input 


Data Input Voltage Pulse 


tH,tL 
100 
ns 
5 


Duration (high or low) 


Trensmission Distance 
Q 
1250 
m 
6 


Par_ 
Symbol 
Mln 
Typ(7} 
Max 
Units 
Conditions 
Fig. 
Note 


Transmitter ( peak-to:peak ) 
·13 
-11 
dBm 
Mode Select 
Data Input 


Po 
SquareWave 
1, 
8 


Optical 
Output 
2 
50 
BO 
/lW 
High 
at 500 kHz 
2, 


Power 
- 
High Level 
PI-I 
165 
Mode Select 
Data Input High 
3, 


Lowt".evel 
PL 
5 
High 
Data Input Low 
5 
/lW 
Mode Select 
Data Input Sq~are 
Mid Level 
PM 
85 
Low 
Wave at 500 kHz 


Fixed Coupling Lon 
~ 
1.5 
5.4 
dB 
with HFBR-3000/3100 
12 
Q> 300M 


Output Optical Power 
PT 
-21 
dBm 
50f125!Lm 
Fiber N.A. = 0.21, g = 2 


13 


-12.5 
dBm 
HFBR-3000/3100 
100/140 /lm 


Fiber N.A. = 0.28, g = 2 


Amplitude Symmetry, Flux Excursion Retia 
k 
0.8 
1.2 
- 
Mode Select Low 
1 
9 


Exit Numerical Aperture 
N.A. 
0.3 
- 
3 
Optical Port (fiber optic core) Oiam. 
0,.. 
100 
/lm 
Peak Emilalon Wavelength 
ApK 
820 
nm 
4 
High Level 
Mode Select 
IIH 
~ 
Input Current 
Deta Input 
20 
!LA 
Vcc = 5.25V, V I = 2.4V 


Low Level 
Mode Select 
~ 
2 
IlL 
mA 
Vee = 5.25V, VI = 0.4V 
Input Currant 
Deta Input 
-<>.6 


Externelly-Coded 
170 
Mode Select 


Data Input High 
Vec=5.25V 


Supply 
Mode 
High 
1, 
Current 
Data Input Low 


Ice 
40 
mA 
Vee =4.75V 
2 
10 


Internelly.coded 
68 
95 
125 
Mode Select 
Data Input High or 


Mode 
Low 
Low, Vec = 5.25V 


Parameter 
Symbol 
Min TyJ7) 
Max 
Units 
Conditions 
Fig. 
Note 


High·to·Low Data Input 
34 
tpHL 
ns 


Propagation 
Voltage Step 
VCC = 4.75 V 
1 
11 


Delay 
Low·te-High Data Input 
tPLH 
32 
ns 
Data Input Square Wave at 500 kHz 


Voltage Step 


Refresh Pulse 
I 
Duration 
tp 
40 
ns 


Internally·Coded Mode I Repatition Rate 
Vec = 5.00 V. Mode Select Low 
1 
11 


fR 
400 
kHz 


OPTICAL 
OUTPUT 
WITH 


MODE 
SELECT 
LOW 


OPTICAL 
OUTPUT 
WITH 


MODE 
SELECT 
HIGH 


- t=t 
PLH 
~,;"-§l.-. __ 
f1.-~ 


1 "'t "-~-------""'----25%- 


. 
II 


//-1T 


LED 
CURRENT 
SOURCES 


0.25 "I~ 
1.2 
, ;;. 


I 
0 
w 
>: 
1.0 


0.2 ~ 
~ 
"z 
x 
~ > 
i 
0.8 
>- 


0.15 " 
0; 
~ 
:r iii 
g 
:5 
>- 
0.• 
w '" 
:rl 
z ~ 
e, 
0.1 
0 " 
<.> 
X 
I 


0.' 
~" 
EI~ 
'" 
0.05 
X 
"'1-; 
0.2 
i 
~ 


~I~ 
• 


{J 
- 
OFF·AXIS 
ANGLE 
_ DEGREES 
X - 
WAVELENGTH 
- 
nm 
Figure 3. Radialion Pallern.* 
Figure 4. Emission Spectrum. 


"The 
optical 
fiber 
is recessed 
within 
the barrel 
at a distance 
of approximately 
7mm. 
Solid 
line represents 
radiation 
pattern 
from 
fiberstub 
without 
obscuration 
by connector 
barrel. 
Dashed 
line 
represents 
radiation 
pattern 
as seen 
from 
outside 
of connector. 


Notes 
Icont'd 
I: 
3. 
Measured 
at a point 
2mm 
(.079 
in.) 
from 
where 
lead 
enters 
package. 


4. A 
supply 
decoupling 
network 
of 
2.2pH 
with 
60pF 
is 
recommended. 


5. With 
NRZ 
data. 
10 Mbaud 
corresponds 
to a data 
rate of 10 
Mbits/second. 
With other 
codes, 
the data rate is the baud rate 
divided 
by the number 
of code 
intervals 
per bit interval. 
5elf- 
clocking 
code 
le.g .. 
Manchester! 
usually 
has 
two 
code 
intervals 
per bit interval 
giving 
5 Mbits/second 
at 10 Mbaud. 


6. With 
Hewlett-Packard 
HFBR-2001 
and 
HFBR-3000 
Series 
Cable/Connector 
Assembly. 


7. 
For typical 
values. 
V cc = 5.00V and 
T A = 25° C. 


8. 
The transmitter 
output, 
PT, equals the optical 
power excursion, 


..iP = I PH - 
PL 1/2. Notice 
that under 
the conditions 
specified 
for ..iP, the average 
optical 
power 
is 
I PH + PL 1/2. 
9. 
Optical 
power 
excursion 
ratio, 
k, is the ratio of optical 
power 


PH - 
PM 


k = 
PM - 
PL 


10. Average 
currents 
for steady-state 
conditions 
at Data 
Input. 
11. The 
refresh 
pulse 
is interrupted 
labbreviatedl 
if Data 
Input 
changes 
state 
during 
the 
refresh 
pulse. 
MAX 
propagation 
delay 
is for 
Data 
Input 
changing 
state 
during 
the 
maximum 
excursion 
of the 
refresh 
pulse. 


12 
When 
used with 
the HFBR-3000/3100 
cable 
assemblies. 
the 
total 
insertion 
loss (aTI 
is calculated 
as follows: 


aT = 8.4 dB; 
Q S; 300m 


aT = aF + ao " Q /1000; 
Q > 300m 


Where 
ao = Cable 
attenuation 
at 820 nm; 
Q 
= cable 
length 


(metresl 
• 


13. Measured 
at the 
end 
of 1.0 meter 
of fiber 
optic 
cable 
with 
large 
area detector 
and cladding 
modes 
stripped. 


Electrical Description 


The HFBR-1002 has two modes of operation: Internally- 
Coded mode and Externally-Coded 
mode. These are 
selected 
by making the Mode Select input "low" 
for 
Internally-Coded 
mode and "high" for Externally-Coded 
mode. 
With 
Mode 
Select 
"low," 
the 
optical 
signal 
generator in the HFBR-1002 produces a "mid-level" optical 
power which haspositive or negativeexcursions, depending 
on whether Data Input is "high" or "low". In this Internally- 
Coded mode, atrain of positive excursions is initiated when 
Data Input goes "high," when Data Input goes "low", a train 
of negative excursions is initiated. These excursions are 
pulses of approximately 40ns duration with a400kHz repeti- 
tion rate. Each initiation of a pulse train starts with a full- 
duration pulse, but when Data Input changes state,the train 
is terminated - 
even at mid-pulse - 
as a new train of 
opposite-polarity 
pulses is initiated. 
With this 
coding 
scheme andthe low duty factor, the averageoptical power is 
always near the mid-level, regardless of the data rate or 
duration in either state.This coding scheme,which istrans- 
parent to the user, is designed to operate the HFBR-2001 
Fiber Optic Receiver most effectively; the mid-level flux 
operates the Receiver'sdc-restorer and the "refresh" pulses 
of either polarity keep the Receiver's ALC voltage at the 
proper level, providing data format independence (no data 
encoding required) over the data rate range of de to 
1OMbaud.The Internally-Coded mode permits transmission 
of analog information, e.g., by meansof PulseWidth Modu- 
lation. Another advantage of the 3-level Internally-Coded 
mode isthat supply current is nearlythe samefor either logic 
state, thus reducing transients on the power supply line. 


With Mode Select "high," the optical signal is at full maxi- 
mum (-2 X mid-level) when Data Input is "high," and 
nearly zero when Data Input is "low." Used in this mode 
with the HFBR-2001 Receiver, the user must provide 
proper data formatting 
(e.g., Manchester or Bi-Phase 
coding, explained in HFBR-2001 data sheet) to ensure 
proper receiver operation. This mode provides for these 
three applications: 


1. Steady state turn-on of the photo-emitter at maximum 
flux level (e.g., for system diagnosis). 


2. Stand-by mode (e.g., when the system is not in use). 
3. Transmission of 2-level optical signals from externally 


generated code (e.g., Manchester) for receivers not 
cOflfigured 
for the 3-level code. With Mode Select 
"high," the output is either PH, or PL. Direct analog 
operation 
is not possible due to hysteresis in the 
response of the optical signal to the Data Input signal. 


Mechanical and 
Thermal Considerations 


Typical power consumption 
is less than 500mW so the 
transmitter 
can be mounted without consideration 
for 


external heat sinking. The optical port is an optical fiber 
stub centered in a metallic ferrule. This ferrule supports a 
split-wall cylindrical spring sleeve which aligns the ferrule 
in the Transmitter with the ferrule in the Hewlett-Packard 
Fiber Optic 
Cable/Connector 
Assembly. The threaded 
barrel performs no alignment function; its purpose is to 
hold the ferrule faces together when the coupling ring is 
tightened finger-tight as specified in the Hewlett-Packard 
Fiber Optic Cable/Connector 
data sheet. 


The HFBR-1002 should be mounted so that the lock nutat 
the optical port is not disturbed. Moving the lock nut can 
cause misalignment of the optical fiber stub inside the 
module 
resulting 
in 
a 
reduction 
of 
power 
output. 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


Good system performance requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air 
often is sufficient to remove particles of dirt; methanol or 
Freon'· on a cotton swab also works well. If it isabsolutely 
necessary to remove the threaded barrel and lock nut to 
clean the transmitter 
ferrule face, refer to the section 
"Installation 
Measurement and Maintenance" in Hewlett- 
Packard Application Note 1000. 
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_ °c 


Flio- HEWLETT 
~~ 
PACKARD 


FIBER OPTIC 
HIGH PERFORMANCE 
RECEIVER MODULE 


Features 


• 
DATA 
RATE: 
DC TO 10 Mbaud· 
• 
LOW NOISE: 
10-9 BER WITH 
0.8p. W INPUT· 


• 
NO DATA 
ENCODING 
REQUIRED· 
• 
TTL OUTPUT 
LEVELS 


• 
FUNCTIONAL 
LINK 
MONITORING· 


• 
OPTICAL 
POWER 
INPUT 
INDICATION 
• 
SINGLE 
+5V SUPPLY 


• 
PCB MOUNTABLE, 
LOW PROFILE 
• 
INTEGRAL, 
HIGH 
QUALITY 
OPTICAL 
CONNECTOR. 


'When usedwith HFBR-1001/-1002Transmitters and any Hewlett 
Packard HFBR-3000/-3100SeriesCable/Connector Assembly. 


HFBR-2001 fiber optic receiver is an integrated optical to electrical transducer designed for reception of digital data over single 
fiber channels. A silicon PIN photodetector and a bipolar integrated circuit convert optical pulses to TTL level outputs with an 
optical sensitivity of .8!J. W, and data rates to 10 Mb/s NRZ. An integral optical connector on the module allows easy interfacing 
without problems of fiber/detector alignment. 
The low profile package is designed for direct printed circuit board mounting 


without additional heat sinking. 


The HFBR-2001 is intended for use with HFBR-3000 fiber optic cable/connector 
assemblies and the HFBR-1001/1002 fiber 
optic transmitters. In order to provide wide dynamic range, dc response, and high sensitivity, the receiver must periodically 
extract information from the optical waveform. When operating with a transmitter in the internally-coded mode, this information 
is automatically 
provided by the transmitter. When operating 
in the externally-coded 
mode, or with another transmission 
source, the user must provide proper data formatting to insure proper receiver operation. 


An additional TTL output called Link Monitor (LM), provides a digital indication of link continuity independent of the presence of 
data. Link continuity 
is indicated by a logical high output state. 


BARREL 


~ 
~LOCKNUT 
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CAUTION: 


I 
LOCK NUT AND BARREL 
SHOULD 
NOT BE DISTURBED. 


2 SCREWS ENTERING 
THE 2·56 
THREADED 
MOUNTtNO 
HOLES 
MUST NOT TOUCH BOTTOM. 


3 THE HFBR 3000 CONNECTOR 
SHOULD NOT BE TIGHTENED 
BEYOND 
THE LIMITSSPECIFlED 
IN THE HFBR·3000 
OATA 
SHEET. 


PIN 
FUNCTION 
, 
TEST 
POINT 


2 
LINK 
MONITOR 
3 
GROUND 


4 
vcc 


S 
DATA 
OUTPUT 


NOTES, 


1, DIMENSIONS 
IN nun HNCHES. 
2. UNLESS OTHERWISE 
SPECIFIED 
THE TOLE RANCE 
ON ALL 
DIMENSIONS 
IS 
.38m •• 
, • .oIS"} 


Parameter 
Symbol 
Mln 
Max 
Units 
Note 


Storage 
Temperature 
TS 
-55 
85 
°c 


Operating 
Temperature 
TA 
0 
70 
°c 


Lead Soldering 
I 
Temperature 
260 
°c 
3 
Cycle 
I 
Time 
10 
s 


Supply 
Voltage 
VCC 
-0.5 
6.0 
V 


OutPUt Voltage 
(High State) 
VOH 
6.0 
V 


Parameter 
Symbol 
Min 
Max 
Units 
Note 


Ambient 
Temperature 
TA 
0 
70 
°c 


Supply 
Voltage 
VCC 
4.75 
5.25 
V 


Supply 
Ripple 
(Peak-to-Peakl 
AVCC 
250 
mV 
4 


High Level 
I Link Monitor 
-100 


Output 
Current 
I 
Data Output 
IOH 
-400 
IlA 


Low Level Output 
Current 
IOL 
8 
mA 


Allerage Input Optical 
Power 
PM 
0.8 
70 
IlW 
6 


Peak-to-Peak 
Input 
Optical 
Power 
PH-PL 
1.6 
140 
IlW 


Optical 
Input 
2-Level 
High Level 
tH 
100 
5000 
I 
Low Level 
ns 
Pulse Duration 
Code 
tL 


and Timing 
Flux Excursion 
Ratio 
k 
0.75 
1.25 
7 


3-Level 
High Level 
tH 
50 
ns 
Code 
Low Level 
tL 
Mid Level 
tM 
0.05 
6.7 
IlS 
8 


Refresh 
Repetition 
Rate 
fR 
150 
kHz 


Rafresh 
Duty 
Factor 
fRlH,fRtL 
0.04 


Parameter 
Symbol 
Mln 
Typ5 
Max 
Units 
Conditions 
Fig. 
Note 


High 
Data Output 
P = (PM + 0.8 IlWI, 10 = -400 
IlA IVCC = 
VOH 
2.4 
2.85 
V 
14.75 V 
Output 
State 
Link Monitor 
AP = 0.81lW,lo 
= -100 
IlA 


P= {PM -0.8IlWI I 10 = 8 mA 
1,2 
7. 9 
Voltage 
Low 
Data OutPut 
0.35 
0.5 
VOL 
V 
I VCC=4.75V 
State 
Link 
Monitor 
0_2 
0.4 
AP=O 


0 
PM = looJlW 
Test Point Voltage 
VT 1= 


V 
10 
1.3 
PM=O 


77 
100 
VCC = 5.25 V 
Supply 
Current 
ICC 
mA 
60 
77 
VCC = 4.75 V 


Optical 
Port 
(fiber optic corel 
Diameter 
Dc 
200 
Ilm 


Numerical 
Aperture 
N.A. 
0.5 
3 


Peak Responsivity 
Wavelength 
Ap 
770 
nm 
4 


Parameter 
Symbol 
Min 
TypS 
Max 
Units 
Conditions 
Fig. 
Note 


High 
3-Level Code 
29 
ns 
tpHL 
11 
Propagation 
to Low 
2-Level Code 
37 
VCC = 4.75 V, k = 1. Link Monitor 
High 
1 - 
Delay 
Low to 
3-Level Code 
37 
tPLH 
ns 
12 
High 
2-Level Code 
45 


Link Monitor 
I Low-to-High 
tMH 
20 
VCC= 
4.75 V 
Ap=0.8/'W 
13 
I 
High-to-Low 
ms 
- 
Response 
Time 
tML 
1000 
IOL =8mA 
Peak-to-Peak 
14 


Bit Error Rate at 10M baud 
BER 
10-9 
k = 1, Ap;> 0.8;tW 
1S 


DATA 
OUTPUT 


15Vt- - 
--u- 
- 
- 
- 
--\;.:.;,,,,,,,- 
=- == 


DATADUTPUT 
'PHl I 
'PLH- t 
'H 
'l 
'H 
15v~----~----EL 


Notes (oonl'd): 
3. Measured at a point 2mm (.079") from where the lead enters 
the package. 
4. If ripple exceeds the specified limit. the regulator shown in 
Figure 5 should be used. The LC finer shown in Figure 5 is' 
recommended 
whether the regulator is used or not. 


5. For typical values, VCC = 5.OOVand TA = 25°C. 
6. Optical power is average over an interval of at leasf50 
p.s. 
Optical power values specified are for the equivalent Df a 
monochromatic 
source between 700nm and 820nm. 
7. For either 2-level or 3-level cDde. k = (PH - 
PM)/(PM - 
PLI. 
8. For the HFBR-2oo1 , a 3-Level Code is defined as having a 
mid-level, with equal-amplitude 
and pulse width excursions to 
high-level or to low-level. 


9. Link Monitor provides a check of link continuity. 
A low Link 
Monitor output indicates that the optical signal path has been 
interrupted. 
For example, it might indicate a broken cable or 
a loose, dirty, or damaged connector. 
The link may still be 
operational 
with Link Monitor low, but it should be checked 
to determine the cause of the low indication. 
When the 
SDurce of Dpticalpower 
is an Internally-CDded 
HFBR- 
1001/1002 Fiber Optic Transmitter, 
Link Monitor high will be a 
valid indication 
of link cDntinuity 
whether or not data is being 
transmitted. 
An Dptical input with excursions 
(Il.P) greater 
than or equal tD O.8p.W is sufficient to hold Link Monitor high. 


10. When observing VT, use a vDltmeter with at least 10MO input 
resistance. With zero input Dptical power, VT is at its maxi- 
mum value, VT.MAX.Then when flux is being received, 
whether mod ulated or not: 


(VT,MAX- 
VT) = (25kO}(lp) = (25kO}(RpPM) 


where Ip = average photodiode 
photocurrent 
Rp ~ O.4A1W= photDdiode 
responsivity 
PM = average flux being received 
11. Measured from the time at which optical input crosses the 25% 
level until DATA OUTPUT = 1.5V in HL transition. 
12. Measured from the time at which optical input crosses the 75% 
level until DATA OUTPUT = 1.5V in LH transition. 
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I 
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I 
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OPTICAL 
_ 


PORT 
---I 
I 
I 
I 
I 
I 
I 
L 


, 
TEST 
I 
POINT 


I 


20K!'! I 


2 


LINK 
I 
MONITOR 


15 DATA 
I 
OUTPUT 


14. Measured from the time at which optical input fluctuation ceases 
until LINK MONITOR falls to 1.5V. 


15. With NRZ data, 10Mbaud corresponds 
to a data rate of 
10Mb/s. With other codes, the data rate is the baud rate divided 
by the number of code intervals per bit interval-seM-ciocking 
code (e.g., Manchester) 
usually has two code intervals per 
bit interval giving 5Mb/s at10Mbaud. 


• 


Flux enters the HFBR-2001 via an optical fiber stub where a 
PIN photodiode converts it to a photocurrent. This photocur- 
rent goes to an I-V (current-to-voltage) amplifier which utilizes 
both dc feedback and ALC (automatic level control). 


The function of dc feedback is to keep the average value of 
the signal centered in the linear range of the amplifier. The dc 
feedback amplifier has a high impedance output to establish 
a long time constant on a capacitor at its output. (The voltage 
on the capacitor is observable at the test point). As seen in 
the schematic diagram, the voltage on this capacitor extracts 
the average component of photocurrent from the input of the 
I-V amplifier so its average output is at a fixed level. Optical 
flux excursions above and below the average cause voltage 
excursion above and below the fixed level at the output of the 
I-V amplifier. 


The voltage excursions operate a flip-flop whose output drives 
the Data Output amplifier; an excursion above the average 
level sets the data output high, where it remains until an 
excursion below the average level resets the flip-flop. 


To prevent overdrive, an ALC circuit, responding to excursions 
either above or below the average level, controls the gain of 
the I-V amplifier. Gain is then determined by whichever polar- 
ity of excursion is the greater. If these excursions are too far 
from being balanced, the gain limitation imposed by the larger 
excursion may cause the smaller (opposite polarity) excursion 
to be too small to operate the flip-flop. 


The Link Monitor output is driven by an amplifier which re- 
sponds to the ALC voltage. The Link Monitor is high when the 
flux excursions are greater than or equal to O.8/lW. 


Mechanical and Thermal 
Considerations 


Typicalpower consumption is less than SOOmWso the Receiver 
can be mounted without consideration 
for additional heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Receiver with the 
ferrule in the HFBR-3000 Fiber Optic Cable/Connector. 
The 
connection procedure is to FIRST start the Connector ferrule 
into the sleeve, THEN screw the coupling ring on the barrel. 
The barrel performs no alignment function; its purpose is to 
hold the ferrule faces together when the coupling 
ring is 
tightened 
as 
specified 
in 
the 
HFBR-3ooo 
Fiber 
Optic 
Cable/Connector 
data sheet. 


Good system performance 
requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air often 
is sufficient to remove particles of dirt; methanol or Freon,. on 
a cotton swab also works well. If it is absolutely necessary to 
remove the threaded barrel and lock nut to clean the Receiver 
ferrule face, refer to the section "Installation Measurement and 
Maintenance" in Hewlett-Packard Application Note 1000. 


·The 
optical 
fiber 
is recessed 
within 
the 
barrel 
at a distance 
of 


approximately 
7mm. Solid line represents 
reception 
pattern at fiber 
stub 
without 
obscuration 
by 
connector 
barrel. 
Dashed 
line 
represents 
reception 
pattern 
as seen from outside 
of connector. 


REGULATOR 
1805C OR 
EQUIVALENT- 


+BV 
TO 
+12V 


SUPPLY 


Flin- HEWLETT 
~e. 
PACKARD 


FIBER OPTIC 
CABLE/CONNECTOR 
ASSEMBLIES 


HFBR-3000 
HFBR-3100 
HFBR-3001 
HFBR-3021 


• 
HFBR-4000 OR SMA STYLE CONNECTORS 


• 
CONNECTORS 
FACTORY INSTALLED AND TESTED 


• 
SIMPLEX OR DUPLEX CABLE 


• 
USER SPECIFIED CABLE LENGTHS 


• 
UL RECOGNIZED COMPONENT PASSES 
UL VW1 FLAME RETARDANCY SPECIFICATION" 


• 
STANDARD 100/140 I"m GLASS FIBER 


• 
RUGGED TIGHT JACKET CONSTRUCTION 


• 
PARAMETERS OPTIMIZED FOR LOCAL DATA 
COMMUNICATIONS 


• 
BANDWIDTH: 40 MHz AT 1 km 


The 
HFBR-3000 
Simplex 
Fiber 
Optic 
Cable/Connector 
assemblies 
and 
HFBR-3100 
Duplex 
Fiber 
Optic 
Cable/ 


Connector 
assemblies 
are intended 
for use with HP's High 


Performance 
Modules 
(HFBR-1001/2, 
HFBR-2001) 
and the 
Miniature 
Link series of transmitters 
and receivers 
(HFBR- 
12XX, 
HFBR-22XX) 
and 
39301A 
RS-232 
to 
Fiber 
Optic 
Multiplexer. 
These 
cable 
assemblies 
are 
available 
with 
either 
HFBR-4000 
connectors 
(OPT 
001) 
or 
SMA 
style 
connectors 
(OPT 002). 


The 
HFBR-3000 
Simplex 
cable 
is constructed 
of a single 
graded 
index 
glass 
fiber 
surrounded 
by a silicone 
buffer, 


secondary 
jacket, 
and aramid strength 
members. 
The com- 
bination 
is covered 
with a scuff resistant 
polyurethane 
outer 
jacket. 


The HFBR-3100 
Duplex 
cable has two glass fibers each in a 
cable 
of construction 
similar 
to the simplex 
cable, 
joined 
with 
a web. 
The 
individual 
charlnels 
are 
identified 
by a 
marking 
on one channel 
of the cable. 


'UL File Number E84364 


2.7 mm NOMINAL 
DIA. 
5.3 mm NOMINAL 
WIDTH 


POL YUR ETHANE 
OUTER 
JACKET 


ARAMID 
STRENGTH 
MEMBERS 


SECONDARY 
JACKET 


SILlCOf.lE 
BUFFER 


GLASS 
OPTICAL 


FIBER 
I 


The 
HFBR-3001 
is a ten 
metre 
Simplex 
Cable 
assembly 
terminated 
with HFBR-4000 
connectors. 
The HFBR-3021 
is 
a ten metre Simplex 
Cable assembly 
terminated 
with 
SMA 
style connectors. 


The cable's 
resistance 
to mechanical 
abuse, safety 
in flam- 
mable 
environments, 
and 
absence 
of 
electromagnetic 
interference 
effects 
may make the use of conduit 
unneces- 
sary. 
However, 
the light 
weight 
and 
high 
strength 
of the 
cables 
allows 
them 
to be drawn 
through 
most 
electrical 
conduits. 
The connectors 
must be protected 
during 
instal- 


lation 
by a pulling 
grip such as Kellems 
033-29-003. 


Cable Length (Metres) 
Tolerance 


1-10 
+10/-0 
% 


11-100 
+1/-0 Metre 
;..100 
+1/-0 % 


NOTES, 
1. DIMENSIONS 
ARE 
IN mm (INCHES). 


2. FIBER 
END 
IS LOCKED 
FLUSH 
WITH 


FERRULE 
FACE. 


CAUTION, 
1. COUPLING 
NUT 
SHOULD 
NOT 
BE OVERTIGHTENED: 


TORQUE 
0.05 
TO 0.1 UNITS 
N-m 
OVER 
TIGHTENING 
MAY 
CAUfE 
EXCESSIVE 
FIBER 
MISALIGNMENT 
OR PERMANENT 
DAMAGE. 


2. GOOD 
SYSTEM 
PERFORMANCE 
REQUIRES 
CLEAN 
FERRULE 
FACES 
TO AVOID 
OBSTRUCTING 


THE 
OPTICAL 
PATH. 
CLEAN 
COMPRESSED 
AIR 


OFTEN 
IS SUFFICIENT 
TO REMOVE 
PARTICLES. 


A COTTON 
SWAB SOAKED 
IN METHANOL 
OR 
FREON'· 


MAY 
ALSO 
BE USED. 


Absolute Maximum 
Ratings 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 
Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Relative 
Humidity 
95 
0/0 
Crush 
Load 
Fe 
200 
N 
2,8 
at TA = 70·C 
m 


~ 


Storage 
Temp. 
Ts 
-40 
+85 
Impact 
3 
·C 
h 
Operating 
Temp. 
TA 
-20 
+85 


Bend' Radius. 
on Cable 
300 


No Load 
r 
20 
mm 
9,10 
Tensile 
Fr 
N 
9,8 
Force 
on Connec- 
Flexing 
50K 
Cycles 
1 
tor/Cable 
100 


Mechanical/Optical 
Characteristics 
-20· 
C to +85· C Unless 
Otherwise 
Specified. 


Parameter 
Symbol 
Min. 
TypJ6] 
Max. 
Units 
Conditions 
Fig. 
Note 


Exit Numerical 
Aperture 
N.A. 
0.3 
- 
A = 820 nm, 
~300m 
4 


Attenuation 
ao 
5.5 
8 
dB/Km 
A = 820 nm 
1 
7, 12 


Bandwidth 
@ 1 km 
BW 
40 
MHz 
A = 820 nm (LED) 
5 


Travel 
Time 
Constant 
IIV 
5 
ns/m 
A =820 
nm 
11 


Optical 
Fiber Core 
Diameter 
De 
100 
I'm 


Cladding 
Outside 
Diameter 
DeL 
140 


Index 
Grading 
Coefficient 
g 
2 
- 


Cable 
Structural 
Strength 
Fe 
1800 
N 
8 


Mass per 
I Single 
Channel 
m/Q 
6 
kg/km 
Unit Length 
I Dual Channel 
12 


Cable 
Leakage 
Current 
IL 
30 
nA 
50KV, 
Q= 0.3m 


Notes: 
1.180° bending at minimum 
bend radius, with 10N tensile 
7. Fixed losses (length independent) 
are included 
in Transmit- 
load. 
terlReceiver 
optical specifications. 


2. Force applied on 2.5 mm diameter mandrel laid across the 
8. One Newton equals approximately 
0.225 pounds force. 


cable on a flat surface, for 100 hours, followed 
by flexure 
9. Short term, '" 1 hr. 


test. 
1O. The probability 
of a fiber weak point occurring 
at a point of 


3. Tested at 1 impact according 
to DOD-STD-1678, 
Method 
maximum 
bend is small, consequently 
the risk of fiber 
2030, Procedure 
1. 
breakage from exceeding the maximum curvature 
is 


4. Exit N.A. is defined as the sine of the angle at which the off- 
extremely 
low. 


axis radiant intensity 
is 10% of the axial radiant intensity. 
11.Travel time constant 
is the reciprocal 
of the group velocity 


5. Bandwidth 
is measured with a pulsed LED source IA = 820 
for propagation 
of optical power. Group velocity, V = Aln 
nm), and varies as Q -0.85, where 
Q 
is the length of the fiber 
where A = velocity of light in space = 3 x 108m/s and n = 
(km). Pulse dispersion 
and bandwidth 
are approximately 
effective core index of refraction. 
inversely related. 
12. For lower attenuation 
cable consult 
local sales office. 
6. Typical 
values are at TA = 25° C. 


Cable Assembly-Ordering Guide 


HFBR-3000/HFBR-3100 
defines 
fiber 
optic 
cables 
with fac- 
20 
tory installed 
connectors 
of user specified 
length. 
The cable 
17.5 
length 
must be specified 
in metres 
and can be any length 
in 
one metre 
increments 
from 
1 to 1000 metres 
(longer 
cables 
15f'. 
available 
upon 
request). 
Option 
001 specifies 
that the cable 
E 
'" 
is terminated 
with 
HFBR-4000 
connectors 
and Option 
002 
~ 
12.5 


specifies 
that 
the cable 
is terminated 
with 
SMA 
style 
con- 
z 
""- 
0 
10 
nectors. 
Either 
OPT 001 or OPT 002 must be specified. 
i= 
.....•........... 
" 
=> 
7.5 
Examples: 
~ 
i"--- 
•... 


A. 
To order 
one Duplex 
Cable assembly 
125 metres 
long, 


•... 
- 
" 
5 
with 
SMA style 
connectors, 
specify: 
- 
HFBR-3100 
Quantity 
125 
2.5 
OPT 002 
Quantity 
1 
0 
B. 
To order 
four 
Simplex 
Cable 
assemblies, 
150 metres 
600 
650 
700 
750 
800 
850 
900 


each, with 
HFBR-4000 
connectors, 
specify: 
WAVELENGTH 
(nml 


HFBR-3000 
Quantity 
600 
OPT 001 
Quantity 
4 
Figure 1. Attenuation 
vs. Wavelength 


Fli;' 
HEWLETT 
~~ 
PACKARD 
FIBER OPTIC CABLE 
HFBR-3200 
HFBR-3300 


• 
SIMPLEX 
OR DUPLEX 
CABLE 


• 
USER SPECIFIED 
CABLE 
LENGTHS 


• 
UL RECOGNIZED 
COMPONENT, 
PASSES 
UL 
VW1 FLAME 
RETARDANCY 
SPECIFICATION" 


• 
STANDARD 
100/140 
~m GLASS 
FIBER 


• 
RUGGED 
TIGHT 
JACKET 
CONSTRUCTION 


• 
PARAMETERS 
OPTIMIZED 
FOR LOCAL 
DATA 


COMMUNICATION 


• 
BANDWIDTH: 
40 MHz AT 1 km 


Description 


The 
HFBR-3200 
Simplex 
Fiber 
Optic 
Cables 
and HFBR- 
3300 Duplex 
Fiber Optic 
Cables 
are intended 
for use with 


HP's 
High 
Performance 
Modules 
(HFBR-1001/2, 
HFBR- 


2001) 
and 
the 
Miniature 
Link 
series 
of transmitters 
and 


receivers 
(HFBR-12XX, 
HFBR-22XX). 


The HFBR-3200 
Simplex 
Fiber Optic 
Cable 
is constructed 
of a single graded 
index glass fiber surrounded 
by a silicone 


buffer, 
secondary 
jacket, 
and 
aramid 
strength 
members. 


The combination 
is covered 
with a scuff 
resistant 
polyure- 


thane outer jacket. 


The 
HFBR-3300 
Duplex 
Fiber 
Optic 
cable 
has two 
glass 


fibers, each in a cable of construction 
similarto 
theSimpiex 
cable, joined 
with a web. The individual 
channels 
are identi- 
fied by a marking 
on one channel 
of the cable. 


The optical 
waveguide 
is a fused silica glass, graded 
index 
fiber, which 
gives low attenuation 
and wide bandwidth. 
The 
silicone 
buffer 
and secondary 
jacket 
protect 
the fiber from 


being 
scratched 
and 
provide 
a base 
for 
the 
helically 
wrapped 
aramid 
strength 
members. 


The HFBR-3200 
and HFBR-3300 
cables can be terminated 


with HFBR-4000 
connectors 
using the HFBR-0100 
Connec- 


tor 
Assembly 
Tooling 
Kit. 
Information 
on 
cables 
with 


factory 
installed 
connectors 
is available 
in the 
HFBR- 


3000/HFBR-3100 
data sheet. 


The cable's 
resistance 
to mechanical 
abuse, safety in flam- 
mable 
environments, 
and immunity 
from 
electromagnetic 
interference 
effects 
may make the use of conduit 
unneces- 


sary. 
However, 
the light 
weight 
and high 
strength 
of the 


cables 
allows 
them 
to be drawn 
through 
most 
electrical 


conduits. 


2.7 mm NOMINAL 
DIA. 
5.3 mm NOMINAL 
WIDTH 


POLYURETHANE 
OUTER 
JACKET 


ARAMID 
STRENGTH 
MEMBERS 


SECONDARY 
JACKET 


SILlcor.JE 
BUFFER 


GLASS 
OPTICAL 
FIBER 
I 


Cable Length (Metres) 
Tolerance 


1-10 
+10/-0 
% 


11-100 
+1/-0 
Metre 


> 100 
+1/-0 
% 


Hewlett-Packard 
Fiber Optic cable is designed 
so that when 
pulled through 
conduit, 
accepted 
wire pulling 
methods 
and 
tools, 
such 
as a cable 
grip, 
can be used. However, 
a few 
precautions 
for optical 
cable are necessary: 
the cable must 
not be benttighter 
than its minimum 
bend radius; the tensile 


strength 
of the cable should 
not be exceeded 
(a cable lubri- 
cant can be used to minimize 
the drawing 
force); tensile load 
should 
be applied 
only to the cable and not the connector. 


Parameter 
Symbol 
Mln. 
Max. 
Units 
Note 


Relative 
Humidity 
95 
% 
atTA 
= 70·C 


Storage 
Temp. 
Ts 
-40 
+85 
·C 
Operating 
Temp. 
TA 
-20 
+85 


Bend 
Radius, 
r 
20 
mm 
8,9 
No Load 


Flexing 
50K 
Cycles 
1 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Crush 
Load 
Fe 
200 
N 
2, 7 


m 
1.5 
kg 
Impact 
3 
h 
0.15 
m 


Tensile 
Force 
FT 
300 
N 
7,8 
Per Cable 
Channel 


Parameter 
Symbol 
Min. 
TypJ6] 
Max. 
Units 
Conditions 
Fig. 
Note 


Exit Numerical 
Aperture 
N.A. 
0.3 
- 
A - 820 nm, 
Q?300m 
4 


Attenuation 
/)0 
5.5 
8 
dB/km 
A=820 
nm 
1 
11 


Bandwidth 
@ 1 km 
BW 
40 
MHz 
11.=820 nm (LED) 
5 


Travel 
Time 
Constant 
IIV 
5 
nslm 
A - 820 nm 
10 


Optical 
Fiber Core 
Diameter 
Dc 
100 


Cladding 
Outside 
Diameter 
J.lm 
DCl 
140 


Index 
Grading 
Coefficient 
g 
2 
- 


Cable 
Structural 
Strength 
Fe 
1800 
N 
7 


Mass per 
I Single 
Channel 
mill 
6 
kg/km 
Unit Length 
IDual 
Channel 
12 


Cable 
Leakage 
Current 
IL 
30 
nA 
50 kV, 
2 = 0.3m 


Notes: 
1.1800 bending at minimum 
bend radius, with 10N tensile 


load. 


2. Force applied on 2.5 mm diameter mandrel laid across the 
cable on a flat surface, for 100 hours, followed 
by flexure 
test. 


3. Tested at 1 impact according 
to DOD-STD-1678, 
Method 
2030, Procedure 
1. 
4. Exit N.A. is defined as the sine of the angle at which the off- 
axis radiant intensity 
is 10% of the axial radiant intensity. 


5. Bandwidth 
is measured with a pulsed LED source (,\ = 820 
nm), and varies as !I-O.s5,where 2 is the length of the fiber 
(km). Pulse dispersion 
and bandwidth 
are approximately 


inversely related. 


HFBR-3200/HFBR-3300 
defines 
fiber 
optic 
cables 
of user 


specified 
length. 
The 
cabie 
length 
must 
be specified 
in 
metres 
and can be any length 
in one metre increments 
from 
1 to 
1000 
metres 
(longer 
cables 
available 
upon 
requestl. 


Option 
001 specifies 
the 
number 
of equal 
length 
cables 
ordered. 


Examples: 
A. 
To order 
one Duplex 
Cable 
150 metres 
long specify: 


HFBR-3300 
Quantity 
150 
OPT 001 
Quantity 
1 


B. 
To order 
five Simplex 
Cables, 100 metres 
each, specify: 


HFBR-3200 
Quantity 
500 
OPT 001 
Quantity 
5 


6. Typical 
values are at TA = 250 C. 


7. One Newton equals approximately 
0.225 pounds force. 


8. Short term, '" 1 hr. 
9. The probability 
of a fiber weak point occurring 
at a point of 


maximum 
bend is small, consequently 
the risk of fiber 
breakage from exceeding 
the maximum curvature 
is 
extremely 
low. 


10.Travel time constant 
is the reciprocal 
of the group velocity 


for propagation 
of optical power. Group velocity, V = Aln 
where'\ = velocity of light in space = 3 x 108 mIs, 
n = effec- 
tive core index of refraction. 


11 For lower attenuation 
cable consult 
your local sales office. 


20 


17.5 


15 
E~~ 
12.5 


Z0 
10 
>=" 
:J 
7.5 
~ 
•...•... 
" 


2.5 


\.. 


i'... 


..•..•~ 


.•.......... 


~ - 


1 


The connector is compatible with Hewlett-Packard HFBR- 
3200/3300 Fiber Optic Cables. 


The HFBR-3099 adapter 
IS used for making an aligned, 


::::~ 


• 
TERMINATES 
HEWLETT-PACKARD 
100/140 
J.tm FIBER OPTIC 
CABLE 


• TYPICAL 
INSERTION 
LOSS 1.5 dB 


• 
ALL METAL 
PIECE-PARTS 


• 
SIMPLE, 
RAPID 
ASSEMBLY 


• 
STANDARD 
2.50 mm FERRULE 


• 
WIDE 
OPERATING 
TEMPERATURE 
RANGE 


• 
SMALL 
DIAMETER 


The HFBR-4000 Fiber Optic Connector is constructed of all 
metal piece-parts and has been designed to use a high 
performance epoxy to stake the optical fiber. The standard, 
2.50 mm connector ferrule is prepared with a polished opti- 
cal surface giving the assembly a uniformly repeatable low 
insertion-loss of typically 1.5 dB. 


The connector can be assembled in Jessthan 20 minutes by 
an experienced user with suitable tooling, such as provided 


;r;= 


CONNECTOR BODY 


CRIMP SUPPORT SLEEVE 


CRIMP SLEEVE 


FIBER OPTIC 
CONNECTOR 


HFBR-4000 
CONNECTOR 


HFBR-3099 


ADAPTER 


in the Hewlett-Packard HFBR-0100 Connector Assembly 
Tooling Kit. When properly assembled, the connector has 
excellent strength and repeatable performance over a wide 
temperature range. 


/ 
FERRULE 
(SEE NOTE 31 


,~,~ 
(1_~_)__ 1~'~' 


3.4J [ 
(~:I 
(.131 


NOTES; 
'O Oim8lWon, are In mm tmches). 
2. Unless 
otherwIse 
spe¢tfted. 
1M 
tofetaflCe$ art: 
.X· .51mm. (.XX ·02m.' 
xx· 
.13mm.(.xxx· 
.000in.i 


3. Ferrule hole acc:onlOdatft 
140pm 0.0. 
fiber. 


ASSEMBLED HFBR-4000 CONNECTOR 


ALIGNMENT 
SLEEVE 
HOUSING 


15 
1(,61---'; 


2.3 


10.091L 
~r:=::J 
1t2~ 
1.0s) 
10.41 


CRIMP SUPPORT SLEEVE 


3.9 


3'2~~.(r_p==.=~3 
~~~-~ 


i 
I 
~-13105)~ 


CRIMP SLEEVE 


NOTES: 
4. O,MENStONS 
IN mm 
(i-n.) 


5. TOLERANCES 
ARE, 
.)( .51mm 
,xx .12mm 


tX.IC 
.02;n.' 
(.XXI( 
.000io.1 


3.9 


1.15) 


~,~ 


10: 
GOLD 
COLORED, 
SILVERED 
COLOfIED, 


121.121 
2.81.10) 


WASHER 
BODY NUT 


10 - 32 UNF 
2B THD 


~ 


'4(25) 
DEEP 
-~ . 
f+~ 
(~~l 


'-=:;..' 
t 


FERRULE 
HOLE 


ACCOMMODATES 
~---L.. 
~O'D'FIBER 
___...J------ 
. 


I 


Parameter 
Symbol 
Min. 
Max. 
Units 
Note 


Storage Temp. 
Ts 
-40 
+85 
·C 
7 


Operating Temp. 
TA 
-20 
+70 
°C 
7 


Tensile Force 
FT 
100 
N 
7 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Note 


Insertion Loss 
ace 
1.5 
dB 
6.7 


Insertion Loss 
Repeatability 
aacc 
0.2 
dB 
8 


6. ace, connector-la-connector 
loss; measured 
steady state. 


1. When assembled 
with Hewlett-Packard 
HFBR-Ol00 
procedure 
and 
HFBR-3000 
series 
glass fiber cable. 
8. 100 connection 
cycles. 


c-[ 


#10·32 
EXTERNAL 
MOUNTING 
NUTS 


ALIGNMENT 
SLEEVE 
.g;;j 


ALIGNMENT 
SLEEVE 
HOUSING 
(BARRELl 


~ 
~-:-~-:E-i:-TO-R- 


--- 
MINIMUM 
CLEARANCE 
• 
BULKHEAD 
OR PANEL 
MOUNTING 
OF HFBR-4000 
CONNECTORS 


• 
TERMINATION 
FOR HEWLETT-PACKARD 
HFBR-3200/3300 
FIBER 
OPTIC 
CABLE 


C-----I[ 


• 
INTERFACE 
TO HEWLETT-PACKARD 
HFBR-12XX/22XX 
MINIATURE 
FIBER 
OPTIC 
LINK 
COMPONENTS 


• 
INTERFACE 
TO HEWLETT-PACKARD 
HFBR-100111002/2001 
FIBER OPTIC 
MODULES 


F"OW HEWLETT 
~~ 
PACKARD 


Features 


• AIDS IN THE ASSEMBLY AND REPAIR OF 
HEWLETT-PACKARD 
100/140 
/.1m FIBER 
OPTIC CABLE WITH HEWLETT-PACKARD 
CONNECTORS 


• INCLUDES AN ILLUSTRATED, STEP-BY-STEP 
TUTORIAL USER'S MANUAL 


• PRODUCES FACTORY-QUALITY 
CONNECTIONS; 
1.5 dB Typical 
Insertion 
Loss 


• COMPLETE - 
INCLUDES ALL TOOLS, 
MATERIALS AND CONNECTOR PARTS 
REQUIRED TO ASSEMBLE 10 CONNECTORS 


• RAPID, LESS THAN 20 MINUTE CONNECTOR 
ASSEMBLY TIME WITH EXPERIENCE 


• PACKAGED IN A RUGGED CASE 


The HFBR-0100 Fiber Optic Connector Assembly Tooling 
Kit is a complete kit designed for quick field installation of 
Hewlett-Packard 
HFBR-4000 connectors 
onto Hewlett- 
Packard HFBR-3200/3000 Fiber Optic Cable. The kit is 
packaged in a rugged case, supplying 
the user with 
everything required for terminating the fiber optic cable.The 
contents are: 


1. A set of common connectoring tools 
2. A consumables kit containing 
sufficient 
material to 
assemble ten fiber optic connectors (available separ- 
ately as HFBR-0101). 
3. A set of custom 
tools 
(available 
separately 
as 
HFBR-0102). 
4. A set of connector piece-parts for terminating ten con- 
nector ends, and adapters for making connector-to- 
connector junctions (the individual unassembled con- 
nectors are available as HFBR-4000; the adapter is 
available as HFBR-3099). 
5. An illustrated user's manual presenting the procedure in 
a step by step, tutorial fashion. 


The User's Manual details the connectoring procedure for 
the first time user, allowing an inexperienced technician to 
construct factory-quality fiber optic connectors. Numerous 
photographs and diagrams sim~lify the assembly process. 


The User's Manual is composed of three major sections, 
described as follows: 


FIBER OPTIC 
CONNECTOR 
ASSEMBLY 
TOOLING KIT 


HFHR-OIDO 
TOOLING KIT 


HFHR-OIOI 
CONSUMABlES 
KIT 


HFHR-OI02 
CUSTOM TOOLS 


1. CABLE PREPARATION:The fiber optic cable isstripped 
of its jackets, and the strength members are terminated 
by the installation of crimp hardware. 


2. CONNECTOR ASSEMBLY: The prepared cable end is 
assembled into the connector body using a high perfor- 
mance epoxy to stake the optical fiber. The epoxy is 
cured in ten minutes using the supplied heater. 


3. CONNECTOR POLISHING: The fiber end is ground to 
an optically flat finish and inspected with a microscope 
comparing 
the finish with the detailed photomicro- 
graphs in the User's Manual. 
• 
CABLE 
CRIMP 
SECONDARY 


~ 


SLEEVE 
JACKET 
f 
~ 
\ = 
1. 
FIBER 


1. COMMON CONNECTORING TOOLS WITH CASE 
• Diagonal Cutters 
• No-Nik'· Strippers 
• Scissors 
• SOXMicroscope 
• Safety Glasses 
• 16 AWG Wire Strippers 
• Crimping Tool 
• Polishing Plate 
• Heater: 


(option 001) 100-120 VAC 50/60 Hz 
(option 2XX) 200-240 VAC 50/60 Hz 


2. TEN HFBR-4000 CONNECTORS WITH SIX HFBR-3099 
ADAPTERS 
3. HFBR-0101 CONSUMABlES 
KIT 
• Hysol'· 1C Epoxy 
• Propanol/Acetone swabs 
• loctite'· 
495 Adhesive 
• Stirring Sticks 
• Syringes with Flat-tipped Needles 
• Hand Towels 
• Propanol 
• lapping 
Film: 


Coarse grit, 12 micron 
- 
Medium grit, 
3 micron 
- 
Fine grit, 0.5 micron 
• Bottle Spout 
• Mixing Pads 


4. HFBR-0102 CUSTOM TOOLS 
• Slotted Vise 
• Polishing Weight 
• Polishing Assembly 


5. USER'S MANUAL 


Parameter 
Value 
Units 


Net 
7.3 (16) 
Weight 
Shipping 
8.2 (18) 


kg (Ibsl 


Height 
356(14) 


Size 
Width 
457 (18. 
mm(in.l 


Depth 
229 (9) 


Heater Wattage 
Opt 001 
600 
W 
Opt 2XX 
80 


The HFBR-0100 Connector Assembly Tooling Kit is de- 
signed to be sold as a complete 
unit, ready for use. 


Common connectoring tools, consumables, custom tools, 
connector piece-parts, and the user's manual are included. 


The kit is ordered by specifying 
both the base product 
number (HFBR-0100) and a heater option. 
The heater 
option specifies either a 110VAC (option 001) or a 220VAC 
(option 2XX) heater with the appropriate power cord. 


Both the Consumables Kit (HFBR-0101) and the Custom 
Tools (HFBR-0102) are available separately for restocking 
the kit. The unassembled connectors (HFBR-4000), adap- 
ters (HFBR-3099) and fiber optic cable (HFBR-3200/3300) 
are also available. 


Order Examples: 
1. Three Connector Assembly Tooling Kits - 
specify; 
HFBR-Q100Fiber Optic Connector 
Quantity 3 
Assembly Tooling Kit 


Option 202: European Continent Plug, 220 VAC 


2. One Consumables Kit replacement - 
specify; 


HFBR-0101 Consumables Kit 
Quantity 1 


OPTION 
PLUG· 
COUNTRY 
NO. 
CONFIGURATION 


001 
0 


USA. CANADA 
/120VI 
JAPAN 
E 
L 


~ 


200 
U.K. 


L 
N 
= = 
@ 


AUSTRALIA. 
201 


~L 
Nil 
NEW ZEALAND 
0 


202 
° 
° 
EUROPEAN 


N 
L 
CONTINENT 


E 


206 
Q 


SWITZERLAND 


°E 
0 


212 
o 
0 
DENMARK 
L 
N 


E - 
EARTH 
OR SAFETY 
GROUND 
N - 
NEUTRAL 
OR IDENTIFIED 
CONDUCTOR 
L - 
LINE 
OR ACTIVE 
CONDUCTOR 


rh~ HEWLETT 
~~ 
PACKARD 


Features 


• 
EXTEND 
UP TO 16 RS-232-CIV.24 
CHANNELS 
TO 1.25 km STANDARD, 
2.5 km WITH 
SELECTED 
CABLE 


• 
DATA UP TO 19.2 kbps ON EACH 
OF 
16 CHANNELS 
SIMULTANEOUSLY 


• 
SYSTEM 
IMMUNITY 
TO EMI SOURCES 
SUCH 
AS LIGHTNING 
STRIKES 


• 
SECURE 
DATA TRANSMISSION 


• 
ELIMINATION 
OF SPARK 
HAZARDS 
IN 
VOLATILE 
ATMOSPHERES 


• 
BUILT-IN 
FAULT 
ISOLATION 
CAPABILITY 


• 
LOW INSTALLATION 
COSTS 
DUE TO 
LIGHTWEIGHT 
FIBER OPTIC 
CABLE 


A 
pair 
of 
HP 
39301A 
Multiplexers 
interconnected 
with 
Hewlett-Packard 
HFBR-3000 
Series Fiber Optic Cable, may 


be 
used 
to 
extend 
up 
to 
16 full 
duplex 
RS-232-CIV.24 
channels 
up to 2.5 km (8200 ft.>. Figure 
1 shows 
a typical 
link configuration 
between 
a host CPU and a cluster 
of 16 
terminal 
devices. 


RS-232-C/ V.24 
TO FIBER OPTIC 
MUL TIPLEXER 


This 
link 
provides 
an easy way to incorporate 
the advan- 
tages of fiber optic 
links into local area terminal 
communi- 
cations. 
These 
advantages 
include 
immunity 
to electro- 
magnetic 
interference 
of all types, from lightning 
strikes to 
noisy 
electric 
motors, 
and freedom 
from 
static 
discharge 
and crosstalk. 
The fiber 
optic 
cable also provides 
security 


for 
data 
as it will 
not 
radiate 
electromagnetic 
signals. 
In 
volatile 
atmospheres, 
there 
is no need 
for 
special 
cable I 


HFBR-3000 
SERIES 
FIBER 
OPTIC 
CABLE 


ITWO 
CHANNELS 
REOUIREO) 


Ul'TO 
1.25 km 14100 
FT. 
WITH 
STANDARD 
CABLE 


UP TO 2.5 km 18200 FT., 
WITH 
SELECTED 
CABLE 


shielding 
because 
no 
sparks 
can 
be 
generated 
by 
this 
totally 
dielectric 
medium. 


Each 39301 A MUltiplexer 
has eight 
RS-232-CIV.24 
connec- 
tors. 
Each connector 
has both 
the Primary 
and Secondary 
Data channels 
available. 
This provides 
for a variety 
of pos- 
sible configurations. 
These 
configurations 
include: 
sixteen 
independent 
asynchronous 
channels, 
eight 
independent 
asynchronous 
channels 
with 
handshake 
control 
lines, 
or 
eight 
independent 
synchronous 
channels 
with 
Data Termi- 
nal 
Equipment 
(DTE) 
supplied 
clock 
signals. 
The 
cables 
required 
to accomplish 
any combination 
of these 
connec- 
tions 
are described 
in the Typical 
Configurations 
Section 
of 
this Data Sheet. 


Each 
of the 
Primary 
and 
Secondary 
Data 
channels 
may 
operate 
any asynchronous 
protocol 
up to 19200 bps. Each 
channel 
may 
be used 
independently 
with 
different 
proto- 
cols and data rates without 
adjustments 
to the Multiplexer. 


This 
is possible 
because 
the 
39301A 
operates 
as a time 


.division 
multiplexer, 
sampling 
each of the 16 data channels 
at 
a 200 
kHz 
rate. 
This 
sampled 
data 
is serialized 
and 
transmitted 
in real time at a rate of 7 Mbaud 
over the inter- 
connecting 
HF8R-3000 
Series 
Fiber 
Optic 
Cable 
to 
the 
companion 
39301 A. This serial 
data is then 
reconverted 
to 


16 parallel 
channels 
and distributed 
to the 
respective 
Pri- 
mary or Secondary 
Data channels. 


SYSTEM 
PERFORMANCE 


A system 
consists 
of two or more 39301 A's interconnected 
by fiber 
optic 
cable 
assemblies. 


Transmission 
Distance: 
The 
usable 
distance 
between 
39301A's 
is determined 
by the optical 
fiber 
and connectors 
used. 


Typical 
Fiber 
Conrwc:tor 
Distanc:e 
Spec:lflc:alions 
Size, "'0, N.A. 
MfrJModel 
Max. 
Typ. 


Local Communi- 
HP/HFBR-4000 
1.25 km 
2.5 km 
calion 
Fiber 
Amphenol/ 
Note 1,2 
100/140 "m. 
906-120-5000 
55 dB/km. 0.28 


TE'lecommunication 
Amphenoll 
Note 2 
1.5 km 
Fiber 50/125 "m, 
906-120-5001 
4 dB/km. 0.21 


NOTES: 
1. Guaranteed 
with HFBR-3000 Series cable assemblies. 


2 
Contact 
HP Sales Office tor expected 
performance 
of spe- 
cific fiber and connectors 
used. 


System 
Bit Error 
Rate: One error 
in 109 bits typical. 


ENVIRONMENTAL 
Storage 
Temperature: 
-40°C 
to +75°C 
Operating 
Temperature: 
0° C to +55° C 
Relative 
Humidity: 
95% 


PHYSICAL 
CHARACTERISTICS 


Size: 42.5 x 8.9 x 7.2 em 
(16.75 x 3.5 x 2.85 inches) 
Weight: 
2.2 kg (4.75 Ibs) 


Shipping 
Weight: 
3.4 kg (7.5 Ibs) 


Power 
Requirements: 
18 VA Maximum 
Power 
Cord 
Length: 
2.3 m (7.5 ft.) 


REGULATION 
COMPLIANCE 


RFI/EMI: 
- 
VDE 0871 level A 
- 
FCC Class A 


Safety 
Approvals: 
UL478, 
UL 114 for EDP and office 
equipment 
CSA C22.2-154 
for EDP equipment 
VDE 0730 part 2P for EDP and office 
equipment 
Complies 
with 
IEC standard 
#380 and #435 for EDP 
and office 
equipment 


ELECTRICAL 
CHANNEL 
INTERFACE 


Electrical: 
Conforms 
to EIA standard 
RS-232-C 
Section 
2 


(CCITT 
V.24) for the assigned 
pins. 


Pulse Width 
Distortion: 
+/- 
6 /-lS maximum 
at data 
rates to 
19.2 kbps 
(Operated 
with 
RS-232-C 
load of 3K ohms 
and 2500 pFl. 


Electrical 
Connector: 
Female 25 pin subminiature 
"0" 


PIN ASSIGNMENTS 


Pin 
No. 
EtA RS·232·C 
CCITTV.24 
Notes 


1 
Protective 
AA 
Earth 
101 
1 
Ground 
Common 


2 
Transmitted 
BA 
Transmitted 
103 
3 
Data 
Data 


(Primary) 


3 
Received 
BB 
Received 
104 
4 
Data 
Data 
Primary 
6 
Data Set 
CC 
Data Set 
107 
2 
Ready 
Ready 


7 
Signal 
AB 
Signal 
102 
1 
Ground 
Ground 


14 
Secon.:!ary 
SBA 
Transmitted 
118 
3 
Transmitted 
Backward 
Data 
Channel 
Data 


16 
Secondary 
SSB 
Received 
119 
4 
Received 
Backward 
Data 
Channel 
Dala 
Notes: 
1. Pins 1 and 7 are internally connected. 
3. 
Data to 39301A. 


2. 
Pin 6 is internally 
hardwired "on" to 
4. 
Data frc.." 39301A. 


+12V through a 316 ohm resistor. 


OPTICAL 
CHANNEL 
INTERFACE 


Transmitter 
Optical 
Output 
Flux: -13 dBm 


(50 "W) 
minimum 
at 820 nm 


Receiver 
Optical 
Input 
Flux: -31 dBm 


(0.8 /-lW) 
minimum 
at 820 nm 


Fiber Optic 
Port Connector: 
HFBR-4000 
compatible. 


(HFBR-4000 
installed 
on 
HFBR-3000 
Series 
Fiber 
Optic 


Cables. 
Optional 
SMA 
style 
connector 
adapters 
are avail- 
able from 
H P sales offices,) 


INDICATORS 
AND SWITCHES 


AC Line Indicator: 
When ON indicates 
that AC power 
is on. 


Cal rier 
Received 
Indicator: 
When 
ON, 
indicates 
that 
the 
39301A 
is receiving 
a modulated 
signal 
from 
the 
remote 


transmitter. 


Loopback 
Switch: 
In the TEST 
position, 
enables 
an electri- 


cal 
loopback 
at 
the 
interface 
between 
the 
multiplexer 


electronics 
and 
the 
fiber 
optic 
transceiver 
circuitry. 
The 
"Carrier 
Received 
Indicator" 
is disabled 
when 
this switch 
is 
in the TEST 
position. 


DTE Interface 
Configurations 
Each RS-232-CIV.24 connector on the 39301A Multiplexer 
can be interfaced to a variety of Data Terminal Equipment 
(DTE) by use of properly configured interconnecting RS- 
232-CIV.24 data cables. Each connector 
provides two 


independent full duplex asynchronous channels on the 
Primary and Secondary Data lines. Therefore. 16total chan- 
nels are available on any 39301A link. The following figures 
will describe the cable configurations for four typical DTE 
connections. Only one end of the full 39301A link is shown 
in each figure. The opposite end will be a mirror image in all 
cases, therefore, two of the illustrated RS-232-CIV.24 data 
cables will be required to complete each link. Shielded RS- 
232-CIV.24 cables 
are recommended 
in all cases to 


minimize radio frequency emissions. Any of the DTE con- 
figurations described may be intermixed and connected to 
a 39301A link simultaneously with the only limitation being 
that no more than 16 full duplex channels are available. 


ASYNCHRONOUS 
DATA ONLY DTE 
It is possible to connect one or two "Data Only" DTEs to 
each connector on the 39301A. Figure 2 shows the configu- 
ration for a single DTE connection 
utilizing the Primary 


Transmitted/Received Data pins on the 39301A connector. 
Figure 3 shows the configuration of HP's 8120-3569 Dual 
Channel RS-232-CIV.24 Adapter Cable. This 8120-3569 
Cable can be used to separately access both the Primary 
and Secondary Data channels on each 39301A connector. 
Then two of the cables shown in Figure 2 can be used to 
extend these channels out to two separate "data only" 
DTEs. This 8120-3569Cable will.enable up to 16"data only" 
DTEs to be connected to each 39301A link. 


HF8R·3000 Series Fiber 
DTE 
"Data Only" RS-232-CIV.24 
DCE 39301 A MUltiplexer 
Optic Cable 


"Data Only" 
Data Cable 
(Each Connector) 
(Two Channell) 


(Female) 
(Male) 
(Male) 
(Female) 


Protective Ground 
1 
1 
1 1- 


Transmitted Data 
2 
2 
2 2 
•• 
Received Data 
3 
3 
3 3 
•• 


Data Set Ready 
6 
6 


+1r 
V 


I- To Remote 
6 6 
39301A 


Signal Ground 
7 
7 
77- 
3160 
"'= Ground 


14 
•• 
16 .•• 
I 


1 


2 
3 
25 p, 


1M 


6 
L-...., 


.2- 
- 
2 


3 


6 


0" 
E)..... 
7 


1 


2 
,. 


3 
~ 


6 


7- 


25 PIN "0" 


CHANNEL 
A 
(FEMALE) 


PROTECTIVE 
GROUND 


TRANSMITTED 
DATA 


RECEIVED 
DATA 


20 PIN" 


CHANNEL 
B 
(FEMAl 


PROTECTIVE 
GROUND 


TRANSMITTED 
DATA 


RECEIVED 
DATA 


N "0" 
ALE) 


PROTECTIVE 
GROUND 


TRANSMITTED 
DATA 
(PRIMARY) 


RECEIVED 
DATA 
(PRIMARY) 


DATA 
SET READY 


ASYNCHRONOUS 
DATA 
PLUS HANDSHAKE 
DTE 


If a DTE requires that normal modem handshake lines be 
active for control purposes, the Secondary Data channel on 
each 39301A connector 
can be used to establish this con- 
nection 
between the host CPU and the remote terminal. 


Figure 4 shows one possible cable configuration 
using the 
Secondary Data channel to interconnect the DTE's Request 
to Send/Clear 
to Send handshake lines. Up to eight DTEs 
with handshake lines may be connected to a 39301A link in 
this way. 


Note that pin 6, Data Set Ready, on each 39301A connector 
is hardwired "on" to +12V through a 316 ohm resistor. If the 
connected 
DTE does not require this signal, it may be elim- 
inated from the RS-232-CIV.24 data cable. 


SYNCHRONOUS 
DATA WITH 
DTE 
SUPPLIED 
CLOCK 


Although the 39301A does not provide a clock for synchro- 
nous data transmission, synchronous 
DTE may be intercon- 


nected 
by the 39301A 
link 
if the 
DTE can supply 
the 
necessary clock 
signal. 
Figure 5 illustrates 
the use of a 
39301A connector's 
Secondary 
Data channel to accomp- 
lish this type of DTE connection. 
Up to eight synchronous 
data DTEs with their own clock lines may be connected to a 
39301A link. 


"Data + Handshake" 
HFBR-3000 
Serles Fiber 


DTE 
RS-232-CN.24 
DCE 
39301A 
Multiplexer 
Optic 
Cable 


"Data + Handshake" 
Data Cable 
(Each 
ConnectOf') 
(Two 
Channels) 


(Female) 
(Malel 
(Male) 
(Female! 


Protective Ground 
1 
1 
1 1- 


Transmitted 
Data 
2 
2 
2 2 


Received Data 
3 
3 
3 3 
•• 


Request to Send 
4 
4 
+12V 
••• 


Clear to Send 
5 
5 
I 
_ To Remote 


Data Set Ready 
6 
6 
6 6 
39301A 


Signal Ground 
7 
7 
77- 
3160 


"" 
Ground 


14 
•• 
16 4 


"Data + DTE 
Clock" 
HFBR-3000 
Series 
Fiber 
DTE 
RS·232·CIV 
.24 
DCE 39301 A Multiplexer 
Opllc 
Cable 
"Data + DTE 
Clock" 
Data Cable 
(Each 
ConnectOf') 
(Two 
Channels) 


IFemale I 
(Malel 
,Malel 
(Female I 


Protective Ground 
1 
1 
11- 


Transmitted 
Data 
2 
2 
2 2 


Received Data 
3 
3 
3 3 
••• 


+12V 
4 
I 
f- To Remote 
DatI Set Ready 
6 
6 
6 6 
39301A 


Signal Ground 
7 
7 
7 7-- 
3160 


..•. 
Ground 
Receiver Clock 
17 
"~ 
External 
14 14 
•• 
Transmitter 
Clock 
24 
24 
16 16 .•• 


system configurations 


Point-to-Point: 
See Figure 
1 
The 39301 A's can be configured 
in a normal 
point-to-point 
fashion 
utilizing 
a two channel 
fiber 
optic 
cable 
assembly 
to interconnect 
them. 


Multiple 
Node Loop: 
Several 39301 A's can be interconnected 
in a simple 
closed 
loop 
configuration 
using 
single 
channel 
fiber 
optic 
cable 
assemblies 
to interconnect 
the transmitter 
of each 39301 A 
to the receiver 
of the subsequent 
39301 A. This configura- 
tion 
allows 
one 
multiplexer 
at 
the 
computer 
center 
to 
address 
several 
different 
groups 
of terminals 
at different 
locations 
in a local 
facility. 
A maximum 
of 16 asynchro- 
nous 
"Data 
Only" 
DTE connections 
can be made around 
the 
loop. 
The 
unused 
channels 
at each 
multiplexer 
must 
be externally 
looped 
back 
on the 25 pin connectors, 
(i.e., 


tie pins 2 to 3 and 14 to 16J. The maximum 
data rate of any 
channel 
in the loop 
is determined 
by the number 
of multi- 


plexers 
in the loop 
and the amount 
of distortion 
that 
the 
interconnected 
DTE's can tolerate. 


Number 
of 39301 A's 
Maximum 
Channel 
Data Rate 


Up to 3 


Up to 6 


Up to 15 


19.2 Kbps 


9.6 Kbps 


4.8 Kbps 


This 
data 
rate 
limit 
is due 
to the accumulated 
distortion 
thru 
the 
loop. 
The 
accumulated 
distortion 
will 
be within 
the 25% limits 
of EIA Standard 
RS-404, Standard 
for Start- 
Stop 
Signal 
Quality 
Between 
Data 
Terminal 
Equipment 
and Non-Synchronous 
Data Communications 
Equipment. 


The 
39301A 
Multiplexer 
and 
the 
interconnecting 
HFBR- 
3000 
Series 
Fiber 
Optic 
Cable 
is 
designed 
for 
easy 
installation. 
Complete 
details 
are provided 
in the Installa- 
tion, 
Operating, 
and 
Service 
Manual 
supplied 
with 
each 
39301A. 


It is recommended 
that the 39301 A Multiplexer 
be securely 
mounted 
to protect 
the attached 
data cables. The 39301 A is 
designed 
for surface 
or EIA standard 
19 inch 
width 
rack 
mounting. 
Standard 
Rack/Surface 
Mounting 
Hardware 
supplied 
with each 39301 A allows 
installation 
in a standard 
open rack or flush mounting 
on any convenient 
flat surface. 


Optional 
Recessed 
Rack Mounting 
Hardware 
(Option 
001) 


allows 
mounting 
inside 
standard 
racks 
with 
closed 
doors 
without 
damage 
to the attached 
cables. 


The HFBR-3000 
Series Fiber Optic 
Cable required 
to inter- 
connect 
the 
39301 A 
Multiplexers 
is available 
in 
several 
configurations. 
These 
configurations 
are 
detailed 
in the 
Support 
Products 
Section 
of this Data Sheet. Two channels 
of this cable are required 
to operate 
the link. This cable 
is 
suitable 
for installation 
in cable 
trays, 
conduits 
and ducts. 


The 
cable 
will 
operate 
in 
environments 
from 
-20°C 
to 


+70° C and 95% Relative 
Humidity. 
Standard 
cable installa- 
tion techniques 
and equipment 
may be used with the minor 
precautions 
stated 
in the 39301A 
Installation, 
Operating, 
and Service 
Manual. 
The precautions 
include 
maintaining 
the minimum 
bend 
radius 
of 25mm 
(1 in.) and maximum 


tensile 
load of 300N (671bl 
per channel 
during 
installation. 


If junction 
box or bulkhead 
splices 
are required 
in a cable 


run, or a link is reconfigured 
to a longer 
distance 
requiring 


additional 
fiber 
optic 
cable 
to 
be added 
to 
the 
original 
installation, 
HFBR-3099 
Cable Coupling 
Hardware 
may be 


used 
to splice 
these 
cables 
together. 
The 
HFBR-3099 
is 


supplied 
with each factory 
connectored 
HFBR-3000 
Series 


Cable 
or 
may 
be 
ordered 
separately. 
Each 
in-line 


HFBR-3099 
Coupler 
produces 
a 2 dB optical 
power 
loss in 
the cable 
run. This loss will affect 
the maximum 
separation 
between 
39301A's 
by the distance 
equal 
to 2 dB + cable 


attenuation 
in dB/km. 
For example, 
if standard 
HFBR-3000 
series 
cable 
is 
used 
the 
maximum 
link 
length 
will 
be 


reduced 
by 2 dB + 8 dB/km = 250 m for each intermediate 
HFBR-3099 
used. 


The RS-232-CIV.24 
data cables 
required 
for connection 
to 
various 
Data Terminal 
Equipment 
are detailed 
in the Typi- 
cal 
Configurations 
Section 
of 
this 
Data 
Sheet. 
It 
is 
recommended 
that shielded 
cables are used for these con- 
nections 
for 
maximum 
suppression 
of 
radio 
frequency 


emissions. 
These cables should 
be no lonqer 
than 15m (50 
ft.) for 
compliance 
with 
the 
EIA 
and 
CCITT 
Standards, 


unless low capacitance 
cable is used. 


The 39301 A is designed 
with easy-to-use 
link fault isolation 
facilities. 
Loopback 
techniques 
utilizing 
the built-in 
loop- 
back 
switch 
and fiber 
optic 
loopback 
cable 
supplied 
with 


each 
39301A 
Multiplexer 
are used to quickly 
isolate 
link 
failures 
to either 39301 A Multiplexer, 
the HFBR-3000 
Series 
Fiber 
Optic 
Cable, 
or the 
interconnected 
Data 
Terminal 
Equipment. 
These procedures 
are described 
in the Installa- 
tion, 
Operating, 
and 
Service 
Manual 
supplied 
with 
each 
39301A. 
39301A 
Multiplexers 
or HFBR-3000 
Series 
Fiber 


Optic 
Cables 
may 
be self-serviced 
by 
the 
customer 
or 
returned 
to the 
nearest 
Hewlett-Packard 
Sales 
Office 
for 
service. 


Customer 
self-service 
may be accomplished 
for the Multi- 
plexer 
by following 
the procedures 
outlined 
in the Instal- 
lation, 
Operating 
and Service 
Manual 
to identify 
the failed 
subassembly. 
Replacement 
subassemblies 
are 
available 
through 
HP Sales Offices. 
HFBR-3000 
Series 
Fiber 
Optic 
Cables 
may 
be 
repaired 
by 
using 
the 
HP 
HFBR-0100 
Connector 
Assembly 
Tool 
kit to splice 
or reconnector 
a 
damaged 
cable. 


Hewlett-Packard 
service 
is available 
for 
the 
39301 A 
by 


returning 
the 
Multiplexer 
to the nearest 
HP Sales Office. 


This service is available 
either on Monthly 
Contract 
basis or 


for 
a Time 
and 
Materials 
charge. 
The 
HFBR-3000 
Series 
Cable 
will be repaired 
on a Time and Materials 
basis upon 
return 
to the nearest 
HP Sales Office. 


I 


support Products 
for the 39301A 


39301A MOUNTING 
HARDWARE 


Rack/Surface 
Mounting 
Hardware: 
Supplied 
standard 
with 
each 39301A. 
Available 
separately 


as part 1600-1090. 


Recessed 
Rack Mounting 
Hardware: 
Supplied 
as Option 
001 to the 39301 A. Available 
separately 
as part 1600-1092. 


39301A 
FIBER OPTIC 
LOOPBACK 
CABLE 


Supplied 
standard 
with 
each 39301A. 
Available 
separately 
as part 5061-2694. 


39301A 
INSTALLATION, 
OPERATING, 
AND SERVICE 
MANUAL 


Supplied 
standard 
with each 39301 A. Extra copies available 
as part 39301-90001. 


8120-3569 
DUAL 
CHANNEL 
RS-232-CIV.24 
ADAPTER 
CABLE 


Enables 
two 
Data 
Terminal 
Equipment 
devices 
to 
be 


connected 
to each 39301 A RS-232-CIV.24 
connector 
port. 


A wiring 
diagram 
is shown 
in Figure 
3 of this 
Data Sheet. 


The length 
is 0.6m (2 ft.) 


HFBR-3000* 
SERIES 
FIBER OPTIC 
CABLE 


Single 
Dual 
Channel 
OR 
Channel 
(TwoReq.) 
(One Req.) 


With Factory Installed 
HFBR-3000' 
HFBR-3100- 
HFBR-4000 Fiber Optic 
or 
or 


Connectors 
39200Ao 
39200B- 


Without Factory 
HFBR-3200° 
HFBR-3300- 
Installed Connectors 


Two 
channels 
of HFBR-3000 
Series 
Fiber Optic 
Cable 
are 


required 
to interconnect 
the HP 39301 A Multiplexers. 
This 


cable 
is available 
in several 
forms 
as shown 
in the table 
above. 
It 
may 
be 
ordered 
in 
any 
length 
in 
one 
metre 


increments 
up to 1000 metres 
(3280 ft.) 


HFBR-0100* 
CONNECTOR 
ASSEMBLY 
TOOLING 
KIT 


This 
kit allows 
the 
installation 
of HFBR-4000 
Fiber 
Optic 


Connectors 
onto 
HFBR-3000 
Series 
Fiber 
Optic 
Cables 
in 


the field. It is used for system 
installation 
purposes 
if HFBR- 


3200/3300 
unconnectored 
cables 
are used. 
It may also be 


used 
for 
field 
repair 
of 
HFBR-3000 
Series 
Fiber 
Optic 


Cables. 


These 
connectors 
are 
compatible 
with 
the 
HFBR-3000 


Series 
Fiber 
Optic 
Cable 
and the fiber 
optic 
ports 
on the 


39301A. 


HFBR-3099* 
FIBER OPTIC 
CABLE 
COUPLING 
HARDWARE 


This 
hardware 
enables 
two 
cables 
with 
HFBR-4000 
con- 


nectors 
to be coupled 
together 
for link extension 
or repair 


splices. 
See 
Installation 
Section 
of 
this 
Data 
Sheet 
for 


limitations 
on use of the HFBR-3099. 


Ordering Information 


HP 39301 A: RS-232-CIV.24 
TO FIBER 
OPTIC 
MULTIPLEXER 


Two 
are required 
per link. 
Each 
39301A 
is supplied 
with 


standard 
Rack/Surface 
Mounting 
Hardware, 
a Fiber Optic 


Loopback 
Cable and an Installation, 
Operating, 
and Service 


Manual. 


Option 
001: Recessed 
Rack Mounting 
Hardware 


Required 
Power 
Supply 
Option: 
One 
required 
per 


39301A 


Option 
210: 
100V 50/60Hz 
Operation 
Option 
212: 
120V 50/60Hz 
Operation 
Option 
222: 
220V 50/60Hz 
Operation 
Option 
224: 
240V 50/60Hz 
Operation 


8120-3569: 
DUAL 
CHANNEL 
RS-232-CIV.24 
ADAPTER 
CABLE 


This cable 
may be used to separately 
access 
both 
Primary 


and Secondary 
Data channels 
on each 39301A 
connector. 


Eight of,these 
cables will enable 
up to 16 "data only" 
DTE to 


be connected 
to each 39301 A. 


HFBR-3000 
SERIES 
FIBER OPTIC 
INTERCONNECTING 
CABLE 


Two channels 
are required 
per link. 


See 
Support 
Products 
Section 
of 
this 
Data 
Sheet 
for 


product 
choices. 


rh~ HEWLETT 
Ii:~ 
PACKARD 
PIN PHOTODIODES 
6082-4200 
SERIES 


Features 


• 
HIGH 
SENSITIVITY 
(NEP <-108 
dBm) 


• 
WIDE 
DYNAMIC 
RANGE 
(1% LINEARITY 
OVER 
100 dB) 


• 
BROAD 
SPECTRAL 
RESPONSE 
• 
HIGH SPEED (Tr, Tf, EQUALS 1.5 ns TYP.) 
• 
STABILITY 
SUITABLE 
FOR PHOTOMETRY/ 
RADIOMETRY 


• 
HIGH 
RELIABILITY 
• 
FLOATING, 
SHIELDED 
CONSTRUCTION 


• 
LOW CAPACITANCE 
• 
LOW NOISE 


• 
HERMETIC 
PACKAGE 
Description 


The HP silicon planar PIN photodiodes are ultra-fast light 
detectors for visible and near infrared radiation. Their 
response to blue and violet is unusually good for low dark 
current silicon photodiodes. 
These devices are suitable for applications such as high 
speed tachometry, 
optical distance measurement, star 


tracking, 
densitometry, 
radiometry, 
and 
fiber-optic 
termination. 
The low dark current of these planar diodes enables 
detection of very low light levels. The quantum detection 
efficiency is constant over ten decades of light intensity, 
providing a wide dynamic range. 


The 5082-4203, -4204, and -4207 are packaged on a 
standard TO-18 header with a flat glass window cap. For 
package Dimensions 


r- 


.41 


(.0161 


Active area: 1mm Diam 
5082.4207} 
Tall 


{ 
5082.4203 
0.5mm Diam 
5082.4204 
(TO·18) 


5082·4220 - 
Short (TO·46) 
0.25mm Magnified 2.5x 
5082·4205 - 
Subminiature 


versatility 
of circuit 
connection, 
they are electrically 


insulated from the header. The light sensitive area of the 
5082-4203 and -4204 is 0.508mm (0.020 inch) in diameter 
and is located 1.905mm (0.075 inch) behind the window. 
The light sensitive areaof the 5082-4207is 1.016mm(0.040 
inch) in diameter and is also located 1.905mm(0.075inch) 
behind the window. 


The 5082-4205 is in a low capacitance Kovar and ceramic 
package of very small dimensions, with a hemispherical 
glass lens. 
• 


The 5082-4220 is packaged on a TO-46 header with the 
0.508mm(0.020 inch) 
diameter 
sensitive area located 


2.54C'mm(0.100 inch) behind a flat glass window. 


NOTES: 
1. DIMENSIONS 
ARE 
IN mm (INCHES). 


2. UNLESS 
OTHERWISE 
SPECIFIED.THE 
TOLERANCES 
ARE: 


.XX t .13 mrn LXXX 
t .005 IN.) 


.99 
1.0391 


~ 
,;.~?t.05 


1~~t.OO2) rt 
1.0651 
----.i 


I 
1.51 


1--1.0601 


.51 
O-'J' 


I 
'2.24_11 


1---1.088) 


GLASS 
WINDOW 


~4.65 
I 
1.1831 
1 
~ 
3.68 
(.'451-j- 


3qLll810 
11.501I 
D 
D 
5.33 t .25 


(.210 
t .010) 


~ 
ANOOEaCATHODE 
\ 
AND 
CASE 


45~ 
/ 
TO-4li 
HEADER 
Y/~02 
1.02 ,.( 
(.0401 
1.0401 
-4220 


Parameter 
-4203 
·4204 
-4205 
·4207 
·4220 
Units 


PMAXPower Dissipation 1 
100 
100 
50 
100 
100 
mW 


Steady Reverse Voltage3 
50 
20 
50 
20 
50 
volts 


Electrical/Optical 
Characteristics at TA=25°C 


·4203 
-4204 
-4205 
·4207 
-4220 
Symltol 
Oescription 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Ma•. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 
Min. 
Typ. 
Ma•. 
Unitt 


Re,ll- 
Axiallnc;dance 
0.86 
0.86 
1.1 
3.4 
.74 
~tml2J 
R.·A 
RespoR18 at 
820nml41 
A 
Attiv, Ar••• 
h 
h 
h 
a. 
2. 
cml21 
16-3 
10-3 
10-3- 
10-3 
10'3 


R. 
FllI.R_ 
0.43 
0.43 
.37 
0.43 
.37 
I!A 
"';tv 820nm5 
!HI 
(F"l,31 


10 
O••.k CllrrentG 
2.0 
0.6 
.15 
2.5 
5.0 
nA 
(Fit-41 


HEP 
Nolle EfIIlinlont 
5.9. 
3.h 
1.6. 
6.6. 
S.h 
~ 
PoWII' 7 (Fig.81 
10"" 
10-14 
10-14 
10-14 
10-14 


O· 
Detettivity8 
7.S. 
I." 
3." 
1.3. 
4.8. 
~ 
10-11 
1012 
1012 
1012 
1011 
W 
Cj 
JunthOn Capac_ 
1.5 
2.r 
0.7 
5.5 
2.0 
pF 
tlneee (Fig.5) 


Cp 
Pack8f18 
2 
2 
2 
pF 
Cepecitln•• 10 


!',It 
Z.o SiosSpeed 
300 
300 
300 
300 
300 
n. 
(Rise.foil Time) 
11 


!,.If 
Rev.-SiosSpeed 
1.5 
1.5 
1.5 
1.5 
1.5 
n. 
(Ri•• FellTime) 
12 


Rs 
SerIesResillanto 
SO 
SO 
SO 
SO 
SO 
n 


YSR 
Sreekdown 
SO 
SO 
50 
SO 
SO 
V 
Voltete 


NOTES: 


1. 
Peak Pulse Power 


When exposing 
the diode 
to high level incidance 
the 
following 
photocurrent 
limits 
must be observed: 


PMAX-Pq, 
. 
.. 
Ip (avg MAX,) < ----; 
and In addition: 


Ec 


1000A 
<500 
A 
<Ip 
(avg MAX,) 
Ip(PEAK)<t(l'sec)or 
m 
or 
fxt 


Ip - photocurrent 
(A) 


Ec - supply voltage 
(VI 
t - pulse duration 
(I's) 


f - pulse repetion 
rate (MHz) 


PtP - power input via photon 
flux 
PMAX - max dissipation 
(W) 


Power dissipation 
limits 
apply 
to the sum of both 
the optical 
power 
input 
to the device and the electrical 
power 
input 
from 
flow 
of photocurrent 
when 
reverse voltage 
is applied. 


2. 
Exceeding 
the Peak Reverse Voltage 
will 
cause permanent 
damage to the diode. 
Forward 
current 
is harmless to the diode, 
within 
the power 
dissipation 
limit. 
For optimum 
performance, 
the diode 
should 
be reversed biased with 
Ec between 
5 and 20 volts. 


3. 
Exceeding 
the Steady 
Reverse Voltage 
may impair 
the low-noise 
properties 
of the photodiodes, 
an effect 
which 
is noticeable 
only 
if operation 
is diode-noise 
limited 
(see Figure 8), 


4. 
The 5082-4205 
has a lens with 
approximately 
2.5x magnification; 
the actual 
junction 
area is 0.5 x 10~3 cm2, corresponding 
to a 
diameter 
of 0.25mm 
(.010"" 
Specification 
includes 
lens effect. 


5. 
At any particular 
wavelength 
and for the flux 
in a small spot falling 
entirely 
within 
the active 
area, responsivity 
is the ratio 
of incremental 
photodiode 
current 
to the incremental 
flux 
producing 
it. It is related 
to quantum 
efficiencY,1'1q 
in electrons 
per photon 
by: 


Rq,~ l]q (_A_) 
1240 


where A is the wavelength 
in nanometers. 
Thus. 
at 820nm, 
a responsivity 
of 0.43 ANI 
corresponds 
to a quantum 
efficiency 
of 0.65 
(or 65%) 
electrons 
per photon. 
6. 
At -10V 
for the 5082-4204, 
-4205. 
and -4207; 
at -25V 
for the 5082-4203 
and -4220. 
7. 
For (A, f. Af) 
= 820nm. 
100Hz, 
6Hz) where f is the frequency 
for a spot noise measurement 
and At is the noise bandwidth. 
NEP is the 
optical 
flux 
required 
for 
unity 
signal/noise 
ratio 
normalized 
for 
bandwidth. 
Thus: 


NEP 
~ IN/.,fM 


Rq, 


where 
IN/..j'iJ 
is the bandwidth 
- 
normal ized noise current 
computed 
from 
the shot noise formula: 
IN/.JM=.J2<i"iD ~ 17.9 x 10-15~ 
(A/y'H;') where 
ID is in nA. 


8. 
Oetectivity, 
O"'is the active-area-normalized 
signal to noise ratio. 
It is computed: 


for (A. f. At) ~ (820nm, 
100Hz, 
6Hz), 


At -1 OV for 5082-4204. 
-4205, 
-4207, 
-4220; 
at -25V 
for 5082-4203. 
Between 
diode 
cathode 
lead and case - 
does not apply 
to 5082-4205. 
-4220. 
With 50n 
load. 
With 50n 
load and -20V 
bias. 
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Figure 4. Dark Current at -10V Bias 
vs. Temperature. 


Figure 7. Photodiode Cut-Off Frequency 
ys. Load Resistance (C = 2pF). 


Figure 5. Typical Capacitance Variation 
With Applied Voltage. 
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5082 
- 
4207 
MAX. 
SHOT 


~£!~_'?~_~~~_~2_~_!~P!'1 
.._ 
SOOi--iiM-MAX-SHOT--- -------------- 
..- 


NOISE 
OF ()fOOe 
(10 II 400 pAl 


10 
,& 


102 
10J 
10· 
10~ 
10& 
10' 


RL 
- 
LOAD 
RESISTANCE 
- 
OHMS 


-~ 
10'°i 
'" 


0. 
* 


10 '2 


§ 
§ 
5 
5l 
w 
"'isz 


NEPOUE 
TO 


SHOT 
NO.SE 
AT 


MAXIMUM 
DARK 


CURRENT 


50820-4207 
f41 
I( 10 'fW 
Hz 
I 
___ J 
~ 
J 
~-- 


508,2-.4204 
126 
. 10 '4W Hz 1', 


IP = Signa' current'" 
0.43 p.A/p.W 
x flux input at 820 nm 
IN= Shot noise current 


<1.2 x 10-14 amps/Hz1/2(5082.4204) 
<4 x 10-14 ampS/Hz1/2(5082-4207) 
'0= Dark current 


<600 x 10-12 amps at -10 V dc (5082-4204) 
<2500 x 10-12 amps at -10 V dc (5082·4207) 
Rp=1011n 
RS= <50n 


• 


Application Information 


NOISE 
FREE PROPERTIES 


The noise current 
of the PIN diodes 
is negligible. 
This is a 
direct 
result 
of the exceptionally 
low leakage 
current, 
in 
accordance 
with 
the shot 
noise 
formula 
IN = (2qIRAf) 
1/2 


Since 
the leakage 
current 
does not exceed 
600 picoamps 
for the 5082-4204 
at a reverse 
bias of 10 volts, 
shot 
noise 
current 
is less than 
1.4 x 10-14 amp Hz-1/2 
at this voltage. 


Excess 
noise 
is 
also 
very 
low, 
appearing 
only 
at 
frequencies 
below 
10 Hz, and 
varying 
approximately 
as 
l/f. 
When 
the 
output 
of the diode 
is observed 
in a load, 


thermal 
noise 
of the 
load 
resistance 
(RL) is 1.28 x 10-10 


(RL)-1/2 
X (6f)1/2 
at 25°C, 
and far exceeds 
the diode 
shot 
noise 
for 
load 
resistance 
less than 
100 megohms 
(see 
Figure 
6). Thus 
in high 
frequency 
operation 
where 
low 
values 
of 
load 
resistance 
are 
required 
for 
high 
cut-off 
frequency, 
all 
PIN 
photodiodes 
contribute 
virtually 
no 
noise 
to the system 
(see Figures 
6 and 7). 


HIGH 
SPEED 
PROPERTIES 


Ultra-fast 
operation 
is 
possible 
because 
the 
HP 
PIN 
photodiodes 
are capable 
of a response 
time 
of 1.5 nano- 
seconds. 
A significant 
advantage 
of this device 
is that the 
speed 
of 
response 
is exhibited 
at relatively 
low 
reverse 
bias (-10 to -20 voltsJ. 


OFF-AXIS 
INCIDANCE 
RESPONSE 


Response 
of the photodiodes 
to a uniform 
field 
of radiant 
incidanceEe, 
parallel 
to the polar axis is given by I = lRAl x 
Ee for 820nm. 
The response 
from 
a field 
not parallel 
to the 
axis 
can 
be found 
by multiplying 
(RA) 
by a normalizing 
factor 
obtained 
from 
the radiation 
pattern 
at the angle 
of 
operation. 
For 
example, 
the 
multiplying 
factor 
for 
the 
5082-4207 
with 
incidance 
Ee at an angle 
of 40° from 
the 
polar 
axis is 0.8. If E, = 1mW/cm2, 
then 
Ip = k x (RA) x E,; 
Ip = 0.8 x 4.0 x 1 = 3.2 ~amps. 


SPECTRAL 
RESPONSE 


To obtain 
the response 
at a wavelength 
other than 820nm, 
the 
relative 
spectral 
response 
must 
be 
considered. 


Referring 
to the spectral 
response 
curve, 
Figure 
1, obtain 
response, 
X, at the wavelength 
desired. 
Then the ratio of 
the 
response 
at the 
desired 
wavelength 
to 
response 
at 
820nm 
is given by: 


X 


RATIO 
= .43 


Multiplying 
this 
ratio 
by the incidance 
response 
at 820nm 
gives the incidance 
response 
at the desired 
wavelength. 


ULTRAVIOLET 
RESPONSE 


Under 
reverse 
bias, a region 
around 
the outside 
edge 
of 
the nominal 
active 
area becomes 
responsive. 
The width 
of 
this 
annular 
,J is approximately 
25~m 
(0.001 
inch) 
at 
-20V, 
and expands 
with 
higher 
reverse 
voltage. 
Respons- 
ivity 
in 
this 
edge 
region 
is higher 
than 
in the 
interior, 
particularly 
at shorter 
wavelengths; 
at 400nm 
the interior, 
responsivity 
is 0.1 A/W 
while 
edge 
responsivity 
is 0.35 
A/W. 
At wavelengths 
shorter 
than 
400nm, 
attenuation 
by 


the 
glass 
window 
affects 
response 
adversely. 
Speed 
of 
response 
for edge 
incidance 
is tr, ti ~ 300ns. 


5082-4205 
MOUNTING 
RECOMMENDATIONS 


a. The 5082-4205 
is intended 
to be soldered 
to a printed 
circuit 
board 
having 
a thickness 
offrom 
0.51 to 1.52mm 
(0.02 to 0.06 inch). 
b. Soldering 
temperature 
should 
be controlled 
so that at 
no time 
does 
the 
case 
temperature 
approach 
280° C. 


The lowest 
solder 
melting 
point 
in the device 
is 280°C 
(gold-tin 
eutectic). 
If this 
temperature 
is approached, 


the solder 
will soften, 
and the lens may fall off. Lead-tin 
solder 
is recommended 
for mounting 
the package, 
and 
should 
be applied 
with 
a small 
soldering 
iron, 
for the 
shortest 
possible 
time, 
to 
avoid 
the 
temperature 
approaching 
280° C. 
c. 
Contact 
to the 
lens end should 
be made 
by soldering 
to 
one 
or 
both 
of the tabs 
provided. 
Care 
should 
be 
exercised 
to 
prevent 
solder 
from 
coming 
in contact 
with 
the lens. 


d. 
If printed 
circuit 
board 
mounting 
is not 
convenient, 
wire 
leads 
may 
be soldering 
or welded 
to the devices 
using 
the precautions 
noted 
above. 


Having 
an 
equivalent 
circuit 
as 
shown 
in 
Figure 
9, 


operation 
of the photodiode 
is most linear 
when 
operated 
with 
a current 
amplifier 
as shown 
in Figure 
10. 


Lowest 
noise 
is obtained 
with 
E, = 0, but higher 
speed and 
wider 
dynamic 
range are obtained 
if 5 < E, < 20 volts. The 
amplifier 
should 
have 
as 
high 
an 
input 
resistance 
as 
possible 
to 
permit 
high 
loop 
gain. 
If the 
photodiode 
is 
reversed, 
bias should 
also 
be reversed. 


LOGARITHMIC 
OPERATION 


If the photodiode 
is operated 
at zero bias with 
a very high 
impedance 
amplifier, 
the output 
voltage 
will 
be: 


VOUT = (1 +~) 
• kT 
• Qn 
(1+!!) 
RI 
q 
Is 


h 
qV-I 
were 
Is= 
IF (ekT 
-1) 
at O<IF<O.lmA 


Output 
voltage, 
VOUT, is positive 
as the photocurrent, 
Ip, 


flows 
back 
through 
the 
photodiode 
making 
the 
anode 
positive. 
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Z BarCode 
Products 


• 
Digital Wands 
• 
Decoder 


• 
Readers 
• 
Scanner 


Flin- HEWLETT 
~~ 
PACKARD 


Bar Code Products 


HP has taken years of 
experience 
in LEDmaterials 
technology, 
bipolar 
photo 
IC 
processing, and precision lens 
design to develop 
the 
HEDS-3000 (medium 
resolution) 
and HEDS-3200 


(high resolution) 
digital 
bar 
code wand families. HPwands 
are housed in attractive 
and 
rugged 
plastic cases designed 
to comfortably 
fit the human 
hand. The digital 
output 
is 
compatible 
with standard 
TIL 
and CMOS circuitry, thus 
providing 
an easy design 
interface 
and eliminating 
the 
design time, cost, and space 
otherwise required for an 
analog-to-digital 
interface. 
The 
performance 
of the HPdigital 
wands isfully specified, 
allowing 
the software engineer 


to optimize 
decoding 
software. 


For customers 
not wishing to 
invest in decoding 
technology, 


HP is developing 
decoding 
products 
as an extension of its 
bar code 
product 
line. The first 
of these, the HEDS-0100/ 
-0150, is a fully integrated 
3 of 
9 code decoder 
board 
ideally 
suited to serve as a slave MPU 
board to almost any data 
entry terminal, 
or as the heart 
of a small transmit-only 
terminal. 
When combined 
with 
the HEDS-3050 or HEDS-3250, 
the module 
provides a 
complete 
OEM data 
entry 
package 
for low, medium, 
or 
high resolution 3 of 9 bar 
codes. This complete 
package 
provides a cost effective, 
high 
performance 
solution in 
applications 
where extensive 
investment 
in bar code 
decoding 
software is not 
warranted. 


Two new bar code 
readers are 
being 
introduced 
this year, the 
16800A programmable 
model 
and the 16801A non- 
programmable 
model. Both 
can be configured 
in a variety 
of ways and provide visual and 
audio 
operator 
feedback. 
Watch for more exciting 
products 
as HPgrows as a 
supplier to the bar code data 
collection 
market. 


Advantages 
of Bar Code 
Data 


Entry: 


• 
Faster than most other data 
entry techniques 


• 
Greater accuracy 
due to 


built-in error checking 
and 


optional 
checksum 
characters 


• 
Little operator 
training 


required 


• 
Symbols easily produced 
on 


a wide variety of printers 


• 
Cost competitive 
with other 


technologies 
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PackageOutline Orawing 
Part No. 
Oescription 
Features 
No. 


HEDS-1000 
High Resolution Optical 
· 
Fully Specified and Guaranteed for 
7-4 


Reflective Sensor 
Assured Performance 
· 
Visible Light Source can Detect Most 


~ 
Colors 
· 
Photo IC Detector Optimizes Speed 


and Response 
· 


Standard TO-5 Header 


Bar Code Products 


Page 


PackageOutline Drawing 
Part No. 
Description 
Features 
No. 


HEDS-3000 
Medium Resolution Digital 
· 
Digital Output 
* 


~ 
Bar Code Wand (with 
· 


Specified for 0.3 mm (0.012 in.) 
Switch) 
Narrow Element Width 
· 
Push-to-read Switch Available 
for 


HEDS-3050 
Medium Resolution Digital 
Low Powered Applications 


~ 


Bar Code Wand (Shielded, 
· 
Internal Shielding Available 
for 
(III..:. ••• 


Non-Switched) 
Improved Electrical Noise Rejection 
· 
Full Line of Options Available 


HEDS-3200 
High Resolution Digital 
· 
Digital Output 
* 
~ 
HEDS-3201 
Bar Code Wand (with SWitch) · 


Specified for 0.19 mm (0.0075 in.) 
Narrow Element Width 
· 


Push-to-read Switch Available 


HEDS-3250 
High Resolution Digital 
for Low Powered Applications 


~ 
HEDS-3251 
Bar Code Wand (Shielded, 
· 
Iniernal Shielding Available 
for 
Non-Switched) 
Improved Electrical Noise Rejection 
· 
Full' Line of Options Available 


HEDS-0100 
Bar Code Decoder Module 
· 
Standard PC Board Designs 
* 


~ 


HEDS-0150 
· 
Decodes 3 of 9 Code 
· 
RS-232-C; 2400 Baud Standard, 1200, 
4800, 9600 Baud Available I 
· 


Parallel ASCII Interface 


16800A 
Programmable 
Bar Code 
· 
Flexible Configuration 
* 
Reader 
· 


Computer Control Capability 
(16800A) 


16801A 
Non-Programmable 
Bar 
· 


Wide Bar Code Selection 
Code Reader 
· 


Choice of High Performance Wands 
· 
Meets HP Class B Environmental 
Specifications 


'For more information regarding bar code products, please refer to the 1984 8ar CodeProducts Catalog.Contactyour local Hewlett-Packard Sales Office or 
authorized distributor for a copy of this new catalog. 


Fli;' 
HEWLETT 
~~ 
PACKARD 
HIGH RESOLUTION 
OPTICAL REFLECTIVE 
SENSOR 


Features 


• 
FOCUSED 
EMITTER 
AND DETECTOR 
IN A SINGLE 
PACKAGE 


• 
HIGH 
RESOLUTION 
- 
.190mm SPOT SIZE 


• 
700nm VISIBLE 
EMITTER 


• 
LENS FILTERED 
TO REJECT 
AMBIENT 
LIGHT 


• 
TO-S MINIATURE 
SEALED 
PACKAGE 


• 
PHOTODIODE 
AND TRANSISTOR 
OUTPUT 


• 
SOLID 
STATE 
RELIABILITY 


The HEDS-1000 is a fUlly integrated module designed for 
optical reflective sensing. The module contains a .178mm 
(.007 in.) diameter 700nm visible 
LED emitter 
and a 
matched I.C. photodetector. A bifurcated aspheric lens is 
used to image the active areas of the emitter and the 
detector to a single spot 4.27mm (0.168 in.) in front of the 
package. The reflected signal can be sensed directly from 
the photodiode or through an internal transistor that can 
be configured as a high gain amplifier. 


Applications include pattern recognition and verification, 
object sizing, optical limit switching, tachometry, textile 
thread 
counting 
and 
defect 
detection, 
dimensional 
monitoring, 
line locating, mark, and bar code scanning, 
and paper edge detection. 


MAXIMUM 
SIGNALPOINT~ 
! 
~~~.+ 
~4.\, 


5.08 
REFERENCE 
PLANE I 
I {OT62) 


10.200) 
rl-~- 


~t~ 
(0.168)' 
(0.0101 


The HEDS-1000 is packaged in a high profile 8 pin TO-5 
metal 
can 
with 
a 
glass 
window. 
The 
emitter 
and 
photodetector 
chips are mounted on the header at the 
base of the package. Positioned 
above these active 
elements is a bifurcated aspheric acrylic lens that focuses 
them to the same point. 


The sensor can be rigidly 
secured 
by commercially 
available 
two 
piece TO-5 
style 
heat sinks, such as 
Thermalloy 
2205, or Aavid 
Engineering 
3215. These 
fixtures 
provide a stable reference platform and their 
tapped mounting 
holes allow for ease of affixing this 
assembly to the circuit board. 


9.4010.370)i 
mio.Dl)- 


0.8810.034 
rn~-L 
M 
,.14~.!J 
m{(f.029) 
.--- 
6.08 
10.200) 


NOTES' 
,. ALL 
DIMENSIONS 
IN MILLIMETERS 
ANO 
(INCHES). 
2. ALL 
UNTOLERANCED 
DIMENSIONS 
ARE 
FOR 
REFERENCE 
ONLY. 
3. THE 
REFERENCE 
PLANE 
IS THE 
TOP SURFACE 
OF THE PACKAGE, 
4. NICKEL 
CAN 
AND 
GOLO 
PLATED 
LEADS. 
5. s.P. SEATING 
PLANE. 
&. THE 
LEAD 
DIAMETER 
IS O.45mm 
CQ.018in.) TYP. 


The detector 
section 
of the sensor 
can be connected 
as a 
single 
photodiode. 
or as a photodiode 
transistor 
amplifier. 
When 
photodiode 
operation 
is desired, 
it is recommended 
that 
the substrate 
diodes 
be defeated 
by connecting 
the 
collector 
of the transistor 
to the 
positive 
potential 
of the 
power 
supply 
and 
shorting 
the 
base-emitter 
junction 
of 
the 
transistor. 
Figure 
15 
shows 
photocurrent 
being 
supplied 
from 
the anode 
of the photodiode 
to an inverting 
input 
of 
the 
operational 
amplifier. 
The 
circuit 
is 
recommended 
to 
improve 
the 
reflected 
photocurrent 
to 
stray 
photocurrent 
ratio 
by keeping 
the substrate 
diodes 
from 
acting 
as photodiodes. 


REFLECTOR 


REFERENCE 
I \ 
t 
PLANE!, 
+ 
) 
, 
I 


AN0:JE 
<:::::::=:::::= 


VF 
6 


CATHOOE 
4 
~ 


SUBSTRATE,CASE 


--l 


I 


~s 
I 
I 
----' 


The 
cathode 
of 
the 
700nm 
emitter 
is 
physically 
and 
electrically 
connected 
to the case-substrate 
of the device. 


Applications 
that 
require 
modulation 
or switching 
of the 
LED should 
be designed 
to have the cathode 
connected 
to 
the electrical 
ground 
of the system. 
This insures 
minimum 
capacitive 
coupling 
of the 
switching 
transients 
through 
the substrate 
diodes 
to the detector 
amplifier 
section. 


The 
HEDS-1000 
detector 
also includes 
an NPN transistor 
which 
can 
be used to increase 
the output 
current 
of the 
sensor. 
A current 
feedback 
amplifier 
as shown 
in Figure 
6 
provides 
moderate 
current 
gain 
and 
bias 
point 
stability. 


PIN 
FUNCTION 
1 
TRANSISTOR 
COLLECTOR 
2 
TRANSISTOR 
BASE. 
PHOTODIOOE 
ANODE 
3 
PHOTODIODE 
CATHODE 
4 
LEO 
CATHODE. 
SUBSTRATE. 
CASE 
5 
NC 
6 
LED 
ANODE 
7 
NC 
8 
TRANSISTOR 
EMITTER 


Absolute 
Maximum 
Ratings at TA=25°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Fig. 
Notes 


Storage 
Temperature 
TS 
-40 
+75 
°C 


Operating 
Temperature 
TA 
-20 
+70 
°C 


Lead Soldering 
Temperature 
260 
°C 
11 
1.6mm from 
Seating 
Plane 
for 10 sec. 


Average 
LED Forward 
Current 
IF 
50 
mA 
2 


Peak LED Forward 
Current 
IFPK 
75 
mA 
1 
1 


Reverse LED Input Voltage 
VR 
5 
V 


Package 
Power 
Dissipation 
Pp 
120 
mW 
3 


Collector 
Output 
Current 
10 
6 
mA 


Supply 
and Output 
Voltage 
VO,Vc.Ve 
-0.5 
20 
V 
10 


Transistor 
Base Current 
Ie 
5 
mA 


Transistor 
Emitter 
Base Voltage 
Vae 
.5 
V 


CAUTION: 
The small junction 
sizes inherent 
to the design of this bipolar 
component 
increase the component's 
susceptibility 
to damage 
from electrostatic 
discharge 
(ESDI. 
It is advised that normal 
static precautions 
be taken in handling 
and assembly 
of this component 
to 
prevent 
damage 
and/or 
degradation 
which 
may be introduced 
by ESD. 
I 


system Electrical/Optical Characteristics at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Condillons 
Fig. 
Nole 


375 
TA~20·C 


Total 
Photocurrent 
(lpR+lps) 
Ip 
100 
180 
250 
nA 
TA=25·C 
IF=35mA. 
Vo",Vc=5V 
2,3 
4 


50 
TA=70·C 
15 


Reflected 
Photocurrent 
OPAl to 
IPA 
Internal 
Stray 
Photocurrent 
(Ips I 
iPS 
4 
8.5 
IF=35mA. 
Vc=Vo=5V 
3 


Transistor 
DC Stalic 
Current 
hFE 
50 
TA=-20·C I. 
Transfer 
Ratio 
100 
200 
TA=25.C 
IVCE=5V, Ic=1OI'A 
4,5 


Slew Rate 
.08 
VII's 
RL=100K 
Ipl<'""50mA 
6 
RF= 10M 
tON=100I'S, Rate = 1kHz 


Image Diameter 
d 
.17 
mm 
1F35mA,Q=4.27mm 
:0.168in. 
8,10 
8.9 


Maximum 
Signal 
Point 
Q 
4.02 
4.27 
4.52 
mm 
Measured 
from 
Reference 
Plane 
9 


50% Modulation 
Transfer 
Function 
MTF 
2.5 
I.pr/m. 
1F35mA, 
Q=4.27mm 
10,11 
5.7 


Depth 
of Focus 
~Q 
FWHM 
1.2 
mm 
50% of Ip atQ=4.27mm 
9 
5 


Effective 
Numerical 
Aperature 
N.A. 
.3 


Image Location 
D 
.51 
mm 
Diameter 
Reference 
10 Centerline 
6 
12=4.27mm 


Thermal 
Resistance 
6JC 
85 
·C/W 


Detector 
Electrical/Optical Characteristics at TA=25°C 


Parameler 
Symbol 
~n. 
Typ, 
Max. 
Units 
Condllions 
Fig. 
Nole 


Dark Current 
Ipo 
5 -Jt 


pA 
TA=25·cl 
IF=O, Vo=5V; 


nA 
TA-70·CI 
Refleclion=O% 


Capacitance 
Co 
45 
pF 
Vo=OV, Ip=O, f=1MHz 


Flux Responsivity 
Rdo 
.22 
A 
h=700nm. 
Vo=5V 
12 
Vi" 


Detector 
Area 
Ao 
.160 
mm2 
Square, 
With Length=.4mm/S,de 


Emitter 
Electrical/Optical Characteristics at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Nole 


Forward 
Voltage 
VF 
1.6 
1.8 
V 
IF=35mA 
13 


Reverse Breakdown 
Voltage 
BVA 
5 
V 
IR=1oo/'A 


Radiant 
Flux 
</>E 
5 
9.0 
/,W 
IF=35mA. 
h=700nm 
14 


Peak Wavelength 
Ap 
680 
700 
720 
nm 
IF=35mA 
14 


Thermal 
Resistance 
6JC 
150 
·C/W 


Temperature 
Coefficienl 
of VF 
•.••VF/AT 
-1.2 
mVl·C 
h=35mA 


Transistor Electrical Characteristics at TA=25°C 


Parameter 
Symbol 
Min. 
Typ. 
Max. 
Units 
Conditions 
Fig. 
Note 


CoJlector-Emitter 
Leakage 
Iceo 
1 
pA 
Vce=5V 


Base-Emitter 
Voltage 
VBe 
.6 
V 
Ic=10I'A. 
la=70nA 


CoJlector-Emitter 
Saturation 
Voltage 
VceISAT) 
.4 
V 
IB=lI'A, 
le=101'A 


CoJlector-Base 
Capacitance 
Cce 
.3 
pF 
1=1MHz. Vce=5V 


Base-Emitter 
Capacitance 
Cee 
.4 
pF 
l=lMHz. 
Vee=OV 


Thermal 
Resistance 
f)JC 
200 
·C/W 


NOTES: 
1. 300l's pulse width, 1 kHz pulse rate. 
2. Derate Maximum Average Current 
linearly from 65°C by 6mA/oC. 
3. Without 
heat sinking from TA = 65°C. derate Maximum Average Power linearly 
by 12mW/oC. 


4. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) from the reference plane. 
5. Peak-to-Peak 
response to black and white bar patterns. 


6. Center of maximum 
signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter 
image (through 
the detector 
lens) is also visible. This image does not affect normal operation. 


7. This measurement 
is made with the lens cusp parallel to the black-white 
transition. 
8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white 
edge. 
9. (+) 
indicates an increase in the distance from the reflector 
to the reference plane. 


10. All voltages referenced to Pin 4. 
11. CAUTION: The thermal constraints 
of the acrylic lens will not permit the use of conventional 
wave soldering 
procedures. The typical 
preheat and post cleaning temperatures 
and dwell times can subject the lens to thermal stresses beyond the absolute 
maximum 
ratings and can cause it to defocus. 
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NOTE: 
1. lp MEASUREMENT 
CONDITIONS 
ARE; 
~'" 4.34mm, 


KODAK 
6080 
PAINT 
REFLECTOR. 
2. Ips MEASUREMENT 
CONDITIONS 
ARE; Q:: oc> 
A CAVITY 
WHOSE 
DEPTH 
IS MUCH 
GREATER 
THAN 
THE 
HE05-1000 
DEPTH 
OF FIELD. 
'= 
Figure 3. 
Ip Test Circuit 
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Figure 4. Normalized Transistor DC Forward Current Gain vs. 
Figure 5. Common Emitter Collector Characteristics 
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Figure 6. Slew Rate Measurement Circuit 
Figure 7. Image Location 
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Figure 8. Image Size V5. Maximum Signal Point 
Figure 9. Reflector Distance vs. % Reflected Photocurrent 
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Figure 
10. 
Step Edge Response 
Figure 
11. 
Modulation 
Transfer 
Function 
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Figure 12. 
Detector Spectral Response 
Figure 
13. 
LED 
Forward 
Current ys. Forward 
Voltage 
Characteristics 
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Figure 14. 
Relative Radiant Flux Y5. Wavelength 
Figure 15. 
Photodiode 
Interconnection 
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High Reliability 


Hewlett-Packard 
has supplied 
specially 
tested 
high reliability 
optoelectronic 
products 
since 
1968 for use in state-of-the-art 
commercial. 
military, 
and 
aerospace 
applications. 
To 
meet 
the requirements 
of high 
reliability, 
products 
must be 
designed 
with rugged 
capabilities 
to withstand 
severe levels of environmental 
stress and 
exposure 
without 
failure. 
We have accomplished 
this objective 
by designing 
a 
unique 
family 
of hermetic 
products 
including 
lamps, 
displays, 
and 
optocouplers 
which 
have 
proven 
their merits 
in numerous 
advanced 
space 
and 
defense 
programs 
in the 
international 
marketplace. 
These products 
receive 
reliability 
screening 
and 
qualification 
tests in 
accordance 
with appropriate 
reliability 
programs 
similar to 
those of MIL-S-19500, MIL-M- 
38510, and 
MIL-D-87157. 
HP 
supplies 
JAN and 
JANTX LED 
indicators, 
a DESC drawing 
for 
an optocoupler, 
and 
HP 
standard 
military 
equivalent 
screening 
programs 
for 
optocouplers 
(MIL-M-38510) 
and 
displays 
(MIL-D-87157). 
Reliability 
programs 
are also 
performed 
to individual 
customer 
control 
drawings 
and 
specifications 
when 
needed. 


Some of these special 
testing 
programs 
are very complex 
and 
may 
include 
Class S 
requirements 
for microcircuits. 


HP's optoelectronic 
epoxy 
encapsulated 
products 
are 
designed 
for long life 
applications 
where 
non-man 
rated 
or ground 
support 
requirements 
allow 
their use. As 
with hermetic 
products, 
the 
capabilities 
of epoxy 
parts can 
be enhanced 
by 100% 
screening 
and 
conditioning 
tests. Lot capabilities 
can 
be 
confirmed 
by acceptance 
qualification 
test programs, 
MIL-D-87157 
is used to define 
the military 
requirements 
for 
plastic 
LED indicators 
and 
displays. 


All testing 
is done 
by 
experienced 
Hewlett -Packard 
employees 
using facilities 
which 
are approved 
by DESC 
for JAN products 
and 
by 
customer 
inspection 
for special 
programs. 
Environmental 
equipment 
capabilities 
and 
operating 
methods 
of the test 
laboratory 
meet 
MIL-STD-750 or 
MIL-STD-883 procedures. 


Two military documents are presently in use to qualify 
visible products. MIL-S-19500 establishes the standard JAN 
and JANTX test programs for hermetic lamps. Four hermetic 
lamps are listed on the Qualified 
Parts List (QPL) of 
MIL-S-19500. Descriptions 
of the individual devices are 
given in detail specifications called slash sheets. The lamp 
section of this catalog gives more information on these 
products. 


1N5765 
1N6092 
1N6093 
1N6094 


MIL-S-19500/467 
MIL-S-19500/519 
MIL-S-19500/520 
MIL-S-19500/521 


Standard Red 
High Efficiency Red 
Yellow 
Green 


The second military document governing the qualification of 
visible products is MIL-D-87157. This general specification 
was dated August 26, 1981, and covers solid state, ligl1t 
emitting diode displays. This specification may be used to 
cover all display products including lamps not covered in 
MIL-S-19500. This specification has provisions for four dif- 
ferent quality levels as follows: 


Hermetically sealed displays with 100% 
screening tests 
Hermetically sealed displays without 100% 
screening tests 
Non-hermetic displays with 100%screening 
tests 
Non-hermetic displays without 100%screening 
tests 
I 


Displays meeting the hermeticity requirements of MIL-D- 
87157include the dot matrix family; 4N51,4N52,4N53,4N54, 
and the alphanumeric families; HDSP-2010and HDSP-2450, 
2451, 2452, 2453. These devices may be purchased to 
Level A of MIL-D-87157 by adding the suffix TXVB to the 
part number. If only the 100%screening tests are required, 
the suffix TXV is added. 


Detailed testing programs for hermetic products are given in 
the individual data sheets which follow the general program 
for quality Level A. 


The general program for quality Level C non-hermetic dis- 
plays from MIL-D-87157 is given below. 


MIL·STD-750 
Test Screen 
Method 
Level C 


1. 
Precap 
Visual111 
2072 
When 
specified 


2. 
High 
Temperature 
Storage;11 
1032 
100% 


3. 
Temperature 
Cyclingl11 
1051 
100% 


4. 
Constant 
Accelerationl1,21 
2006 
When 
specified 


5. 
Fine 
Leakl11 
1071 
N/A 


6. 
Gross 
Leakl11 
1071 
N/A 


7. 
Interim 
Electrical/Optical 
Testsl11 
- 
When 
specified 


8. 
Burn-l 
nl1 ,31 
1015 
100% 


9. 
Final 
Electrical/Optical 
Tests 
- 
100% 


10. 
Delta 
Determinationsl1; 
- 
When 
specified 


11. 
External 
Visuall31 
2009 
100% 


Notes: 
1. These tests are design dependent. The conditions and limits shall be specified in the detail specification when these tests are applicable. 
2. Applicable to cavity type displays only. 
3. MIL-STD-883 test method applies. 


Subgroups 
LTPD 


SUbgroup 
1 
DC Electrical 
Tests 
at 25°C 
5 


Subgroup 
2 
Selected 
DC Electrical 
Tests 
at High 
Temperatures 
7 


SUbgroup 
3 
Selected 
DC Electrical 
Tests 
at Low Temperatures 
7 


Subgroup 
4 
Dynamic 
Electrical 
Tests 
at TA = 25°C 
5 


Subgroup 
5 


Dynamic 
Electrical 
Tests 
at High 
Temperatures 
7 


SUbgroup 
6 
Dynamic 
Electrical 
Tests 
at Low 
Temperatures 
7 


Subgroup 
7 
Optical 
and Functional 
Tests 
at 25°C 
5 


Subgroup 
8 
External 
Visual 
7 


Notes: 
1. The specific parameters to be included for tests in each subgroup shall be as specified in the applicable detail specification. 


TABLE 
IIlb. 
GROUP 
B ENVIRONMENTAL 
TESTS 
(CLASS 
C AND 
D DISPLAYS 
ONLY) 


MIL-STD-750 


Test 
Method 
Sampling 
Plan 


SUbgroup 
1 
Resistance 
to Solventsl11 
1022 
4 Devices/ 
o Failures 
Internal 
Visual 
and Mechanicail2,51 
2014 
1 Device/ 
o Failures 


Subgroup 
2[3,41 


Solderabilitylll 
2026 
LTPD=15 


Electrical/Optical 
Endpointsl11 


Subgroup 
3 
Thermal 
Shockl1l 
1051 
LTPD 
= 15 


(Temperature 
Cycling) 


Moisture 
Resistancel1 
1021 
Electrical/Optical 
Endpoi ntslll 


Subgroup 
4 
Operating 
Life Test (340 Hours)111 
1027 
LTPD=10 
Electrical/Optical 
Endpointsl11 


Subgroup 
5 
Non-Operating 
IStoragel 
Life Test 1340 Hoursl111 
1032 
LTPD=10 
Electrical/Optical 
Endpointsl11 


Notes: 
1. 
Test method 
or conditions 
in accordance 
with detail specification. 


2. 
Not required 
for solid encapsulated 
displays. 


3. 
The LTPD applies to the number of leads inspected 
except in no ease shall 


less than three displays 
be used to provide 
the number 
of leads required. 


4. 
Whenever 
electrical/optical 
tests are not required 
as endpoints, 
electrical 
rejects 
may be used. 
5. 
MIL-STD-883 
test method 
applies. 


MIL-STD-750 
Test 
Method 
Sampling 
Plan 


Subgroup 
1£11 
Physical 
Dimensions 
2066 
2 Devices/ 
o Failures 


SUbgroup 
2[11 
Lead 
Integrity 
6 
2004 
LTPD 
= 15 


Subgroup 
3 


Shock 
2 
2016 
LTPD 
= 15 


Vibration, 
Variable 
Frequency 
2 
2056 


Constant 
Accelerationl21 
2006 
External 
Visual131 
1001 or 1011 
Electrical/Optical 
Endpointsl41 


Subgroup 
4 
Operating 
Life Test14,51 
1026 
,\ = 10 
Electrical/Optical 
Endpointsl41 


SUbgroup 
5 
Temperature 
Cycling 
(25 cycles 
min. )141 
1051 
LTPD=20 
Electrical/Optical 
Endpointsl41 
I 


Notes 
1. 
Whenever 
electrical/optical 
tests are not required 
as endpoints, 
electrical 
rejects 
may be used. 


2. 
Not required 
for solid encapsulated 
displays. 


3. 
Visual requirements 
shall beas specified 
in MIL-STD-883, 
method 
1010 or 
1011. 


4. 
Test method 
or conditions 
in accordance 
with detail specification. 


5. 
If a given inspection 
lot undergoing 
Group 
B inspection 
has been selected 
to satisfy 
Group 
C inspection 
requirements, 
the340 
hour life tests may be 
continued 
on test to 1000 hours 
in order 
to satisfy 
the Group 
C life test 
requirements. 
In such cases, either the 340 hour endpoint 
measurements 
shall be made as a basis for Group 
B lot acceptance 
or the 1000 hours 
endpoint 
measurements 
shall be used as the basis for both Group 
Band C 
acceptance. 
6. 
MIL-STD-883 
test method 
applies. 


Hermetic Optocoupler 
Product Qualification 


Hewlett-Packard 
hermetically 
sealed optocouplers 
are 
hybrid microcircuits 
which are tested to Class B require- 
ments 
of 
MIL-STD-883. 
Devices 
which 
meet these 
stringent 
conditions 
are the 4N55, 6N134. and 6N140 
optocouplers. With certain clarifications of their new test- 
ing conditions 
given in the individual data sheets. these 
products are now available in compliance with the 100% 
screening program in Method 5004 and the Quality Con- 


formance testing in Method 5005 of MIL-STD-883 Class B. 
The 
new military 
compliant 
products 
are: 4N55/883B, 


6N140/883B, 
and 8102801 EC (selected 
item drawing 


number 
assigned to the DESC approved 6N134 opto- 
couplerJ 
Complete 
details of this testing 
program 
are 


given below and in the individual 
device data sheets. 
These parts are preferred units for use in military, high 
reliability applications. 


Test Screen 
Method 
Conditions 


1. Precap Internal Visual 
2010 
Condition B 


2. High Temperature Storage 
1008 
Condition C, TA = 150°C. Time = 24 Hours minimum 


3. Temperature Cycling 
1010 
Condition C, -65°C to +150°C, 10 cycles 


4. Constant Acceleration 
2001 
Condition A, 5K G's, Y, axis only 


5. Fine Leak 
1014 
Condition A 


6. Gross Leak 
1014 
Condition C 


7. Interim Electrical Test 
- 
Group A, Subgroup 1, except lilo (optional) 


8. Burn-In 
1015 
Condition B, Time = 160 Hours minimum 
6N134: TA = +125°C, Vcc = 5.5V. 
IF= 13 mA, 10= 25 mA 
6N140: TA = +100°C, Vcc = 18V. IF= 5 mA. 
10= 10 mA 
4N55: TA= +125°C, Vcc = 5.5V, 
IF= 20 mA, Voc = 3.5V, RL= 2700 


9. Final Electrical Test 
- 
Group A, Subgroup 1 
Electrical Test 
Group A, SUbgroup 2 
Electrical Test 
Group A, Subgroup 3 
Electrical Test 
Group A, Subgroup 9 


10. External Visual 
2009 


LTPD 


Subgroup 
1 


Static tests at TA = 25°C, 10H.BVR,ICCL.ICCH,CTR. VF. 10Hland It-o. 
5 
Subgroup 
2 


Static tests at TA= +125° C. 10H.BVR.ICCL,ICCH,CTR VFand 10Hl 
7 


Subgroup 
3 


Static tests at TA= -55° C. 10H.BVR.IccL. ICCH,CTR VFand 10Hl 
7 


Subgroups 
4, 5, 6, 7 and 8 


These subgroups are non-applicable to this device type 


Subgroup 
9 


Switching tests at TA= 25°C. tPLHand tPHL 
7 


SUbgroup 
10 


Switching tests at TA= +125° C, tPLHand tPHL 
10 


Subgroup 
11 


Switching tests at TA = -55° C. tPLHand tPHL 
10 


Qualification/Quality 
Conformance 


Group 
A electrical 
tests are product 
dependent 
and are 


given in the individual device data sheets. Group B testing is 
performed on each manufactured 
lot. 


Test 
Method 
Conditions 
LTPD 


Subgroup 
1 
Physical Dimensions 
2016 
2 Devices! 


(Not required if Group D is 
o Failures 
to be performed) 


Subgroup 
2 
Resistance to Solvents 
2015 
4 Devices! 
o Failures 


SUbgroup 
3 
Solderability 
2003 
Soldering Temperature of 260 ± 10°C 
15 


(LTPD applies to number of leads 
for 10 seconds 
(3 Devices) 


inspected - 
no fewer than 3 
devices shall be used.) 


Subgroup 
4 
Internal Visual and Mechanical 
2014 
1 Device! 
(may be performed at precap) 
o Failures 


SUbgroup 
5 
Bond Strength 
2011 
(1) Test Condition 
D 
15 


(1) Thermocompression 
(4 Devices) 
(performed at precap, prior to seal. 
LTPD applies to number of bond pulls 
from a minimum of 4 devices). 


Subgroup 
6 
Internal water vapor content 
- 
- 


(Not applicable - 
per footnote 
of MIL-STD) 


Subgroup 
7 
Fine Leak 
- 
- 
Gross Leak 
(Not applicable - 
per footnote 
of MIL-STD) 


Subgroup 
8" 
Electrical Test 
Group A, SUbgroup 1, except Ii-o 
15 
Electrostatic 
Discharge 
3015 
Sensitivity 
Electrical Test 
Group A, Subgroup 1 
I 


Test 
Method 
Conditions 
LTPD 


Subgroup 
1 


Steady 
State Life Test 
1005 
Condition 
B. Time 
= 1000 Hours 
Total 
5 
6N134: TA = T125°C. 
VCC = 5.5V. 


IF = 13 mA. 10 = 25 mA 
6N140 
TA = +100°C. 
Vcc 
~ 18V. 


IF=5mA, 
10=10mA 


4N55: 
TA = -125°C. 
Vcc 
= 5.5V. 


'F = 20 mA. Voc 
~ 3.5V. RL ~ 27011 


Endpoint 
Electrlcals 
Group 
A. Subgroup 
1, except 
1'-0 
at 168 hours 
and 504 hours 


Endpoint 
Electricals 
Group 
A, Subgroup 
1 


at 1000 hours 


Subgroup 
2 
Temperature 
Cycling 
1010 
Condition 
C. -65°C 
to +150°C. 
10 cycles 
15 


Constant 
Acceleration 
2001 
Condition 
A. 5KG's. 
Y, axis only 


Fine Leak 
1014 
Condition 
A 


Gross 
Leak 
1014 
Condition 
C 


Visual 
Examination 
1010 
Per visual 
criteria 
of Method 
1010 


Endpoint 
Electricals 
Group 
A. Subgroup 
1 


Test 
Method 
Conditions 
LTPD 


Subgroup 
1 


Physical 
Dimensions 
2016 
15 


Subgroup 
2 


Lead 
Integrity 
2004 
Test Condition 
B2 
lead fatigue 
15 
Fine Leak 
1014 
Condition 
A 
Gross 
Leak 
1014 
Condition 
C 


Lid Torque" 
2024 
., Not applicable 
per footnote 
of MIL-STD, 


Subgroup 
3 


Thermal 
Shock 
1011 
Condition 
S, 
-55°C 
to +125°C 
15 
15 cycles 
min. 


Temperature 
Cycling 
1010 
Condition 
C. 
-65°C 
to +150°C 
100 cycles 
min. 
Moisture 
Resistance 
1004 
Fine Leak 
1014 
Condition 
A 
Gross 
Leak 
1014 
Condition 
C 
Visual 
Examination 
Per visual criteria 
of Method 
1004 
Endpoint 
Electricals 
Group 
A. Subgroup 
1 


Subgroup 
4 


Mechanical 
Shock 
2002 
Condition 
B, 1500G, t = 0.5 ms. 
15 
5 blows 
in each orientation 
Vibration 
Variable 
Frequency 
2007 
Condition 
A 
Constant 
Acceleration 
2001 
Condition 
A, 5 KG's, Y, axis only 
Fine Leak 
1014 
Condition 
A 
Gross 
Leak 
1014 
Condition 
C 
Visual 
Exammation 
1010 
Per visual criteria 
of Method 
1010 
Endpoint 
Electricals 
Group 
A, Subgroup 
1 


Subgroup 
5 


Salt Atmosphere 
1009 
Condition 
A min 
15 
Fine Leak 
1014 
Condition 
A 
Gross 
Leak 
1014 
Condition 
C 
Visual 
Examination 
1009 
Per visual criteria 
of Method 
1009 


Subgroup 
6 


Internal 
Water 
Vapor 
Content 
1018 
- 


exception 
being 
taken 


Subgroup 
7 


Adhesion 
of lead finish 
2025 
15 


Hewlett-Packard 
supplies 
plastic 
optocouplers 
with 
high 


reliability 
testing 
for 
commercial/industrial 
applications 


requiring 
prolonged 
operational 
life. 
Two 
of 
the 
most 


frequently 
requested 
100% preconditioning 
and screening 


programs 
are 
given. 
The 
first 
program 
has 
burn-in 
and 


electrical 
test only, 
the second 
program 
adds temperature 
storage 
and temperature 
cycling. 
Either 
program 
is avail- 


able for 
HP's plastic 
optocouplers. 
Electrical 
testing 
is to 


catalog 
conditions 
and 
limits 
and 
will 
include 
100% DC 


parameters, 
sample 
testing 
of 
input-output 
insulation 


leakage 
current 
and appropriate 
AC parameters. 
Contact 


your 
local field 
representative 
for pricing 
and availability 
of 


these programs. 


PLASTIC 
OPTOCOUPLERS 
PRECONDITIONING 
AND SCREENING 
100% 


MIL-STD-883 
Examinations 
or Tests 
Methods 
Conditions 


1. Commercial 
Burn-in 
1015 
TA = 70° C, 160 hours 
per designated 
circuit. 


2 
Electrical 
Test 
Per specified 
conditions 
and min.lmax. 


limitsatTA=25°C 


MIL-STD-883 
Examinations 
or Tests 
Methods 
Conditions 


1. High Temperature 
Storage 
1008 
24 hours at 125° C 


2. Temperature 
Cycling 
1010 
10 cycles, 
-55° C to +125° C 


3. 
Burn-in 
1015 
TA = 70°C, 
168 hours 
per designated 
circuit 


4. Electrical 
Test 
Per specified 
conditions 
and min.lmax. 


limits at TA = 25°C 


5. External 
Visual 
2009 
I 


Hermetic 
Optocouplers 


Typical 
Current 
Specified 
Withstand 
DataRate 
Transfer 
Input 
Test 
Page 
Device 
Description 
Application 
(NRZ] 
Ratio 
Current 
Voltage 
No. 


6N134 
Dual Channel 
Line Receiver. 
10M bills 
400% Typ. 
10mA 
1500 V dc 
5-96 


Hermetically Sealed 
Ground Isolation 
Optically Coupled 
High Reliability 


Logic Gate 
Systems 


8102801EC 
DESCApproved 
Military /High 
5-99 
6N134 
Reliability 


6Nl34TXV 
TXV - 
Screened 
5-96 


6N134TXVB 
TXVB - 
Screened 
Use 8102801EC 


with Group B 
in New Designs 
Data 


6N140 
Hermetically Sealed 
Line Receiver. Low 
300k bills 
300% Min. 
0.5 mA 
1500 V dc 
5-103 


Package Containing 
Power Ground 
4 Low Input Current. 
Isolation for High 
High Gain Optocouplers 
Reliabilty Systems 


6N140/883B 
MIL-STD-883 
Military/High 


Class B Part 
Reliability 


6N140TXV 
TXV - 
Hi-Rei 
Use 


Screened 
6N140/883B in 


6N140TXVB 
TXVB - 
Hi-Rei 
New Designs 


Screened with 
Group B Data 


4N55 
Dual Channel 
Line Receiver, 
700k bills 
7%Min. 
16mA 
1500 V dc 
5-106 


Herm~tically Sealed 
Analog Signal 
Analog Optical 
Ground Isolaton, 


Coupler 
Switching Power 
Supply Feedback 
Element 


4N55/883B 
MIL-STD-883 
Military /High 
Class B Part 
Reliability 


4N55TXV 
TXV - 
Hi-Rei 
Use 
Screened 
4N55/883B in 
4N55TXVB 
TXVB - 
Hi-Rei 
New Designs 


Screened with 
Group B Data 


Device 
Description 
Package 
Application 
Page 
No. 
-,,, 


.... 
4N51 
Numeric RH DP 
8 Pin Hermetic 
• Military 
High Reliability 
3-136 
LJ 


o 
0 
(5082-7391) 
Built in Decoder/Driver/Memory 
15.2mm (,6") DIP 
Applications 
0 
0 
.... 
4N51TXV 
TXV - 
Hi Rei Screened 
with gold plated 
• Avionics/Space Flight 
. 
0 


0 
0 
4N51TXVB 
TXVB - Hi Rei Screened with 
leads 
Systems 
.... 


0 
0 
(A) 
Group B data 
• 
Fire Control 
4N52 
Numeric LH DP 
Systems 


L.JL.JL.JL.J 
(5082-7392) 
Built in Decoder/Driver/Memory 
• Ground Support, 
(A) 
(B) 
4N52TXV 
TXV - Hi Rei Screened 
Shipboard Equipment 
"""" 
"""" 
4N52TXVB 
TXVB - 
Hi Rei Screened with 
.... 
0 
(B) 
Group B data 
0 
0 


0 
0 
... . 
.... 
0 
4N54 
Hexadecimal 
0 
0 


0 
0 
0 
(5082-7395) 
Built in Decoder/Driver/Memory 
.... 
0 


0 
4N54TXV 
TXV - 
Hi Rei Screened 
4N54TXVB 
TXVB - Hi Rei Screened with 


L.JLJLJLJ 
L.JL.JL.JL.J 
(C) 
Group B data 


(C) 
(0) 
4N53 
Character Plus/Minus Sign 


7.4mm (.29") TIn 


(5082-7393) 


4N53TXV 
TXV - 
Hi Rei Screened 
4N53TXVB 
TXVB - 
Hi Rei Screened with 
4x7 Single Digit 
(0) 
Group B data 


Device and Package 
Description 
Color 
Application 
Page 
No. 
-_.~~ 
,....,,....,,....,,...., 
5082-7356 
Numeric 
RHDP 
Standard 
• 
Medical 
Equipment 
437 
.... 
(A) 
Built-in 
Decoder/Driver/Memory 
Red 
• 
Industrial 
and Process 
.... 


0 
Control 
Equipment 
0 
0 
0 
0 
5082-7357 
Numeric 
LHDP 
·... 
.... 
• 
Computers 
0 
(B) 
Built-in 
Decoder/Driver/Memory 
0 
0 
0 
0 
• 
Where 
Ceramic 
Package 
·... 
.... 
IC's required 
0 
0 
5082-7359 
Hexadecimal 
• 
High 
Reliability 
LJLJLJLJ 
LJLJLJLJ 
(C) 
Built·in 
Decoder/Driver/Memory 
Applications 


(A) 
(B) 


r" ,....,,....,,...., 
,....,,....,,....,,...., 
5082-7358 
Character 
Plus/Minus 
Sign 
.... 
0 
(D) 


0 
0 
0 
0 


0 
0 
0 
HDSP-0760 
Numeric 
RHDP 
• 
Military 
Equipment 
3-131 
·... 
..:.. 
0 


0 
0 
0 
(A) 
Built 
in Decoder/Driver/Memory 
• 
Ground 
Support 
0 
. 
0 
.... 
0 
Equipment 
0 
HDSP-0761 
Numeric 
LHDP 
• 
Avionics 


'-Jl.JU 
u 
LJl.JCJl..J 
(B) 
8uilt 
in Decoder/Driver/Memory 
High Efficiency 
Red 
• 
High Reliability 


(C) 
(D) 
Low Power 
• 
Applications 


lm 


HDSP-0762 
Hexadecimal 
(C) 
Built 
in Decoder/Driver/Memory 


HDSP-0763 
(D) 
Over Range ± 1 


7.4 mm (.29") 
HDSP-0770 
Numeric 
RHDP 
• 
High Brightness 
4 x 7 Single Digit 
(A) 
Built 
in Decoder/Driver/Memory 
Ambient 
Systems 
Package: 
• 
Cockpit, 
Shipboard 
8 Pin Glass Ceramic 
HDSp-Om 
Numeric 
LHDP 
Equipment 
15.2 mm (.6") 
DIP 
(B) 
Built 
in Decoder/Driver/Memory 
• 
High 
Reliability 
High Efficiency 
Red 
Applications 


HDSP-0772 
Hexadecimal 
High Brightness 


(C) 
Built 
in Decoder/Driver/Memory 


HDSP-0763 
(0) 
Over Range ± 1 


HDSp·0860 
Numeric 
R H DP 
• 
Business Machines 
(A) 
Built 
in Decoder/Driver/Memory 
• 
Fire Control 
Systems 


• 
Military 
Equipment 
HDSP-0861 
Numeric 
LHDP 
• 
High 
Relaibility 
(B) 
Built 
in Decoder/Driver/Memory 
Applications 
Yellow 
HDSP-0862 
Hexadecimal 
(C) 
Built 
in Decoder/Driver/Memory 


HDSP-0863 
(D) 
Over Range ± 1 


HDSP-0960 
Numeric 
RHDP 
• 
Business Machines 
(A) 
Built 
in Decoder/Driver/Memory 
• 
Fire Control 
Systems 


HDSP-0961 
Numeric 
LHDP 
• 
Military 
Equipment 


• 
High 
Reliability 
(B) 
Built 
in Decoder/Driver/Memory 
Appl ications 


I 


Green 
HDSP-0962 
Hexadecimal 
(C) 
Built 
in Decoder/Driver/Memory 


HDSP-0963 
Over Range ± 1 
(0) 
I 


Page 
Device 
Description 
Color 
Application 
No. 


HDSP-0781 
Numeric RHDP, Built-in 
High Efficiency 
Red, 
0 
Ground, Airborne, 
Shipboard 
3-150 


HDSP-0781 
Decoder/Driver 
Memory 
Low Power 
Equipment 


TXV 
0 
Fire Control Systems 


DO 


0 
Space Flight Systems 
.. 
.. 
HDSP-0781 
0 
Other High Reliability 
.. 
.. 
.... 
.... 
.. 
.. 
TXVB 
Uses 
.. 
.. 
.... 
.... 
HDSP-0782 
Numeric LHDP, Built-in 


HDSP-0782 
Decoder/Driver 
Memory 


(AI 
(81 
TXV 


HDSP-0782 
0 


TXVB 
.. 
HDSP-0783 
Dverrange ±1 


HDSP-0783 


TXV 


(01 
HDSP-0783 


TIn 


TXVB 


HDSP-0784 
Hexadecimal, 
Built-in 


HDSP-0784 
Decoder/Driver 
Memory 


TXV 


74 mm (.29") 
HDSP-0784 
4 x 7 Single Digit 
TXVB 


HDSP-0791 
Numeric RHDP, Built-in 
High Efficiency 
Red, 
0 
Ground, Airborne, 
Shipboard 


HDSP-0791 
Decoder/Driver 
Memory 
High Brightness 
Equipment 


TXV 
0 
Fire Control Systems 


0 
Space Flight Systems 


HDSP-0791 
0 
Other High Reliability 


TXVB 
Uses 


HDSP-0792 
Numeric LHDP, Built-in 


HDSP-0792 
Decoder/Driver 
Memory 


TXV 


HDSP-0792 


TXVB 


HDSP-0793 
Dverrange ±1 


HDSP-0793 
TXV 


HDSP-0793 
TXVB 


HDSP-0794 
Hexadecimal, 
Built-in 


HDSP-0794 
Decoder/Driver 
Memory 


TXV 


HDSP-0794 
TXVB 


HDSP-0881 
Numeric RHDP, Built-in 
Yellow 
0 
Ground, Airborne, 
Shipboard 


HDSP-0881 
Decoder/Driver 
Memory 
Equipment 


TXV 
0 
Fire Control Systems 


0 
Space Flight Systems 


HDSP-0881 
0 
Other High Reliability 


TXVB 
Uses 


HDSP-0882 
Numeric LHDP, Built-in 


HDSP-0882 
Decoder/Driver 
Memory 


TXV 


HDSP-0782 


TXVB 


Page 
Device 
Description 
Color 
Application 
No. 


HDSP-2DOO 3.7 mm (.15") 5 x 7 Four 
Red 
· 
Computer Terminals 
3-14 


Character Alphanumeric 
· 
Business Machines 


HDSP-2001 
12 Pin Ceramic 7.62 mm 
Yellow 
· 
Medical Instruments 


[ill m 


(.3") DIP with 
untinted 
· 
Portable, Hand-held or 
mobile data entry, read- 


I 
. - ~ - 
, 
I 
HDSP-2002 
glass lens 
High Eff. Red 
out or communications 
c 
___ 
.o 


1 ~_."> 
For further information 
see 
HDSP-2003 
High Performance 
Application 
Note 1016. 


~ 
Green 


HDSP-2010 
Extended Temperature to 
Red, Red Glass 
• 
Extended temperature 
3-18 


TA = -40°C 
Contrast Filter 
applications 
requiring 


3.7 mm (.15") 5 x 7 Four 
high reliability. 


Character Alphanumeric 
· 
110 Terminals 


HDSP-2010 
TXV Hi Rei Screened 
· 
Avionics 
TXV 
For further information 
see 


HDSP-2010 
TXVB Hi Rei Screened 
Application 
Note 1016. 
TXVB 


HDSP-2300 
4.87 mm (.19") 5 x 7 Four 
Red 
· 
Avionics 
3-124 


~ 


Character Alphanumeric, 
• 
Ground Support, Cockpit, 


~ 


:~:: 
HDSP-2301 
12 Pin Ceramic 6.35 mm 
Yellow, High Brightness 
Shipboard systems 


(.25") DIP/Low Power 
• 
Medical Equipment 
~~ 
- 
. ~~ 
· 
Industrial 
and Process 
~:--- - ~8 
HDSP-2302 
High Eff. Red, 
control 
:~- - -~: 
~:-- .~:: 
High Brightness 
• 
Computer Peripherals 


HDSP-2303 
High Performance Green, 
and Terminals 


High Brightness 


HDSP-2450 
Hermetic Extended 
Red 
· 
Military 
Equipment 
3-41 
Temperature 
Range to 
· 
High Reliability 


~ 


HDSP-2450 
TA = -55°C 
TXV - 
Hi Rei Screened 
Applications 


~ 
TXV 
6.9 mm (.27") 5 x 7 Four 


•... -- -~ 
~ 
HDSP-2450 
Character Alphanumeric 
TXVB - 
Hi Rei Screened 
~- --~ 
~ 
TXVB 
28 Pin Ceramic 15.24 mm 
to Level A MIL-D-87117 


~- 
;: 


(.6") DIP 


- -- , 
i 
HDSP-2451 
Yellow 
~- 
I ? 
HDSP-2451 
TXV - 
Hi Rei Screened 
~ 
TXV 


- " 
~ 
HDSP-2451 
TXVB - 
Hi Rei Screened 
TXVB 
to Level A MIL-D-87157 


HDSP-2452 
High Efficiency Red 


HDSP-2452 
TXV - 
Hi Rei Screened 


TXV 


HDSP-2452 
TXVB - 
Hi Rei Screened 


TXVB 
to Level A MIL-D-87157 
I 


Page 
Device 
Description 
Color 
Application 
No. 


HDSP-2310 
Hermetic Extended 
Standard Red 
· 
Military 
Equipment 
3-30 


HDSP-2310 
Temperature Range 
TXV - 
High Rei 
• 
Avionics 
5.0 mm (.20") 5 x 7 Alpha- 
· 
High Rei Industrial 
Equipment 


~ 


TXV 
Screened 


'--- 
• 
.1 


~ 


numeric 12 Pin Ceramic 


[~:~J 
HDSP-2310 
TXVB - 
High Rei 
TXVB 
Screened to Level A 
-- 


MIL·D-87157 
••• 
__ 
J 
C~J 
HDSP-2311 
Yellow 


HDSP-2311 
TXV - 
High Rei 
TXV 
Screened 


HDSP-2311 
TXVB - 
High Rei 
TXVB 
Screened to Level A 
MIL-D-87157 


HDSP-2312 
High Eft. Red 


HDSP-2312 
TXV - 
High Rei 
TXV 
Screened 


HDSP-2312 
TXVB - 
High Rei 
TXVB 
Screened to Level A 
MIL-D-81157 


HDSP-2490 
6.9 mm (.27") 5 x 7 Four 
Red 
· 
Computer Base Mobile Units 
3-37 
_. 
Character Alphanumeric 
· 
High Brightness Ambient 


1.._---' 
HDSP-2491 
28 Pin Ceramic 15.24 mm 
Yellow, High Brightness 
Systems 


(.6") DIP 
L__J 
HDSP-2492 
High Eft. Red, 
For further information 
see 
High Brightness 
Application 
Note 1016. 
L ___ J 
HDSP-2493 
High Performance Green, 
High Brightness 
L ___ ": 


-- 


5082-7100 
6.9 mm (.27") 5 x 7 Three 
Red Untinted Glass Lens 
General Purpose Market 
3-48 
Digit Alphanumeric 
· 
Business Machines 
!0 


22 Pin Ceramic 15.2 mm 
· 
Calculators 
(.6") DIP 
· 
Solid State CRT 


5082-7101 
6.9 mm (.27") 5 x 7 Four 
· 
High Reliability 
Applications 


Digit Alphanumeric 
For further information 
ask ior 


28 Pin Ceramic 15.2 mm 
Application 
Note 931 on 


(.6") DIP 
Alpanumeric 
Displays. 


5082-7102 
6.9 mm (.27") 5 x 7 Five 
Digit Alphanumeric 
36 Pin Ceramic 
15.2 mm (.6") DIP 


III 


HDSP-6504 
3.8 mm (.15") Sixteen 
Red 
· 
Computer Terminals 
3-152 


Segment Four Character 
· 
Hand Held Instruments 
Alphanumeric 
22 Pin 
· 
In-Plant Control Equipment 
15.2 mm (.6") DIP 
· 
Diagnostic Equipment 


HDSP-6508 
3.8 mm (.15") Sixteen 
Segment Eight Character 
Alphanumeric 
26 Pin 
15.2 mm (.6") DIP 


HDSP-6300 
3.56 mm (.14") Sixteen 
Red 
· 
Computer Peripherals and 
3-58 
I 


- 
Segment Eight Character 
Terminals 
, i 


Alphanumeric 
26 Pin 
· 
Computer Base Emergency 
,,, 
15.2 mm (.6") DIP 
Mobile Units 
,, 
, 
· 
Automotive 
Instrument 
g 
g 
, 


Panels 
, 
, 
, 
, 
, 
, 
· 
Desk Top Calculators 
, 
, 
'---- 
· 
Hand-Held Instruments 
M 


For further information 
ask for 


Application 
Note 931. 


Hermetically Sealed and High Reliability LED Lamps 


Device 
Description 
Typical 
Typical 


luminous 
Forward 
Page 


Package Dutline Drawing 
Part No. 
Color[21 
Package 
lens 
Intensity 
281/211) 
Voltage 
No. 


1N5765 
Red 
Hermetic/ 
Red 
0.5 mcd 
70· 
1.6 V 
1-64 


(640 nm) 
TO-46[3] 
Diffused 
@20mA 
@20mA 


T 


JAN1N5765[4j 


JANTX1N5765[4j 


1N6092 
High 
1.0 mcd 
2.0 V 


Efficiency 
@20mA 
@20mA 
JAN 1N6092[4] 
Red 
(626 nm) 
JANTX1N6092[4j 


1N6093 
Yellow 
Yellow 
(585 nm) 
Diffused 


JAN1N6093[4] 


JANTX1N6093[4j 


1N6094 
Green 
Green 
0.8 mcd 
2.1 V 
(572 nm) 
Diffused 
@25mA 
@20mA 
JAN1N6094[4j 


JANTX1N6094[4] 


5082-4787 
Red 
Panel Mount 
Red 
0.5 mcd 
1.6 V 
(640 nm) 
Version 
Diffused 
@20mA 
@20mA 


HlMP-0930 


HlMP-0931 


5082-4687 
High 
1.0 mcd 
2.0 V 
Efficiency 
@20mA 
@20mA 
M19500/51~01[4] 
Red 
(626 nm) 
M19500/51~02[4j 


5082-4587 
Yellow 
Yellow 
(585 nm) 
Diffused 
M19500/52Q-01[4] 
0 


M19500/52Q-02[4j 


5082-4987 
Green 
Green 
0.8 mcd 
2.1 V 
(572 nm) 
Diffused 
@25mA 
@20mA 
M19500/521-01[4] 


M19500/521-02[4] 
I 


NOTES: 
1. 
(-)1/2 is the 
off-axis 
angle 
at which 
the 
luminous 
intensity 
is half 
the axial 
luminous 
intensity. 
2. 
Peak 
Wavelength. 
3. 
PC Board 
Mountable. 
4. 
Military 
Approved 
and 
qualified 
for 
High 
Reliability 
Applications. 
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(HPBK-2000) Optoelectronics/ 
Fiber Optics Applications 
Manual 


A vastly expanded 
version of 
the original 
Optoelectronics 
Applications 
Manual 
published 
by McGraw-Hili 
in 
1977, this new edition 
provides 
the electronic 
engineer 
with 
up to date 
design 
techniques 
on state-of-the-art 
optoelectronic 
products. 
Added 


to the original 
extensive 
coverage 
of LED's, Displays, 


and 
Optocouplers 
is a new 
wealth 
of information 
on Fiber 
Optics, 
Industrial 
Uses of 
Optocouplers, 
Back Lighting, 


Interfacing 
displays 
to 
Microprocessors, 
Sunlight 
Viewable 
displays, 
and 
Precision reflective 
optical 
position 
sensing. 


This book can 
be purchased 
from a Hewlett-Packard 
franchised 
distributor 
or from 
the McGraw-Hili 
Publishing 
Company. 
A complete 
listing 
of all HP Components 
authorized 
distributors 
can 
be 
found 
on pages 
10-2 through 
10-4. 


Hewlett-Packard's 
5082-7300 
dot matrix display 
was chosen 
by HP's Stanford 
Park division 
for use in their highly 
sophisticated 
low noise signal 
generator, 
the 8662. This low 
noise signal 
generator 
was 
designed 
to have extremely 
low RFIand 
spurious emission. 
As a result, it was necessary 
to 
pay extreme 
attention 
to 
potential 
RFIand 
to find a 
display 
that 
did not require 
strobing. 
The 5082-7300, 
with its 
on-board 
electronics, 
satisfied 
this requirement 
and 
provided 
an aesthetic 
front panel 
display. 


Below 
is a complete 
listing 
of all of the Optoelectronic 
Applications 
Information 
available. 
For those items 
which 
were not included 
in this catalog, 
a brief abstract 
is shown. 
These are available 
in their entirety 
from your local HP 
Sales Office 
or nearest 
HP Components 
Franchised 
Distributor 
or Representative. 


APPLICATION BULLETINS 
APPLICATION NOTES (Cont'd) 


Model 
Model 


Pub. No. (Date) 
Description 
Ref. 
Pub. No. (Date) 
Description 
Ref. 


AB-1 
Construction 
and Performance 
Abstract 
AN-1004 
Threshold Sensing for Indus- 
9-98 


5952-8378 
(1175) 
of High Efficiency Red, Yellow 
5953-0406 (11/79) 
trial Control Systems with the 
and Green LED Materials 
HCPL-3700 Interface 


AB-3 
Soldering Hewlell-Packard 
9-5 
Optocoupler 


5952-8380 (3/75) 
Silver Plated Lead Framed 
AN-1Q05 
Operational Considerations 
9-112 


LED Devices 
5953-0419 (3/80) 
for LED Lamps and Display 


AB-4 
Detection and Indication of 
Abstract 
Devices 
5952-8381 
(4175) 
Segment Failures in 7-Segment 
AN-1Q06 
Seven Segment LED Display 
9-118 
LED Displays 
5953-0439 (7/80) 
Applications 
AB-54 
Mechanical Handling of Sub- 
Abstract 
AN-1007 
Bar Graph Array Applications 
9-138 
5953-0363 (7177) 
miniature LED Lamps and 
5953-0452 (1/81 ) 


Arrays 
AN-1008 
Optical Sensing with the 
9-146 
AB-60 
Applications 
Circuits for 
9-9 
5953-0460 (12/80) 
HEDS-1000 
5953-9347 14/83) 
HCPL-3700 and HCPL-2601 
AN-1011 
Design and Operational 
9-166 
AB-64 
Mechanical and Optical Con- 
9-11 
5953-0482 (4/81 ) 
Considerations 
for the 


5953-9366 (9/83) 
siderations for the 0.3" 
HEDS-5000 Incremental Shaft 
Microbright 
Seven-Segment 
Encoder 
Display 
AN-1012 
Methods of Legend Fabrication 
9-186 
AB-65 
Using 50/125 I'm Optical 
9-13 
5953-0478 (2/81) 


5953-9370 (9/831 
Fiber with Hewlell-Packard 
AN-1015 
Contrast Enhancement 
9-192 
Components 


AB-69 
CMOS Circuit Design using 
9-17 
5953-7788 (9/82) 
Techniques for LED Displays 


5953-9384110/831 
Hewlett-Packard 
Optocouplers 
AN-1016 
Using the HDSP-2000 
9-224 
5953-7787 (9/82) 
Alphanumeric 
Display Family 


AN-1017 
LED Solid State Reliability 
9-256 
APPLICATION 
NOTES 
5953-7784 (9/82) 


AN-1018 
Designing with HCPL-4100 and 
9-263 
Model 
5953-9359 (8/83) 
HCPL-4200 20 mA 
Pub. No. (Date) 
Description 
Ref. 
Optocouplers 
AN-915 
Threshold 
Detection of Visible 
9-20 
AN-1019 
Using the HLMP-4700/-1700/ 
9-282 
5953-0431 (4/80) 
and Infrared Radiation with 
5953-9369 (8/83) 
-7000 Series Low Current Lamp 
PIN Photodiodes 


AN-934 
5082-7300 Series Sol id State 
Abstract 
APPLICATIONS 
MANUAL 
5952-0337 (11/72) 
Display Installation 
Techniques 
AN-939 
High Speed Optocouplers 
Abstract 
Model 


5953-9368 (8/83) 
Pub. No. (Date) 
Description 
Ref. 


AN-945 
Photometry of Red LEOs 
Abstract 
HPBK-2000 
o ptoelectron ics/Fi ber-Optics 
9-2 
5952-0420 (10173) 
McGraw-Hili 
Applications 
Manual 


AN-947 
Digital Data Transmission 
Abstract 
{No. 93203815) 


5953-7759 (6/82) 
Using Optically Coupled 
(1981 ) 


Isolators 


AN-948 
Performance of the 6N135, 
9-26 
5953-7716 (12/81) 
6N136 and 6N137 
Optocouplers 
in Short to 
Moderate Length Digital Data 
Transmission 
Systems 


AN-951-1 
Applications 
for Low Input 
9-35 
5953-7794 (10/82) 
Current, High Gain 
Optocouplers 


AN-951-2 
Linear Applications 
of 
9-39 


5953-7730 (4/82) 
Optocouplers 


AN-lQOO 
Digital Data Transmission 
9-43 
5953-0463 (1/82) 
with the HP Fiber Optic System 


AN-1002 
Consideration 
of CTR 
9-62 
5953-7799 (10/82) 
Variations in Optically Coupled 
Isolator Circuit Designs 


AN-1003 
Interfacing 
18-Segment 
9-78 
5953-0405 (9179) 
Displays to Microprocessors 


Abstracts 


APPLICATION 
BULLETIN 
1 
Construction 
and Performance 
of High Efficiency 
Red, 
Yellow and Green LED Materials 


The high luminous 
efficiency 
of Hewlett-Packard's 
High Efficiency 
Red, Yellow and Green lamps and dis- 
plays is made possible by a new kind of light emitting 
material utilizing 
a GaP transparent 
substrate. This 
application 
bulletin discusses the construction 
and 
performance 
of this material as compared to standard 
red GaAsP and red GaP materials. 


APPLICATION 
BULLETIN 
4 
Detection 
and Indication 
of Segment 
Failures in Seven 
Segment 
LED Displays 


The occurrence 
of a segment failure in certain applica- 
tions of seven segment displays can have serious 
consequences 
if a resultant erroneous 
message is 
read by the viewer. This application 
bulletin discusses 
three techniques 
for detecting 
open segment lines and 
presenting 
this information 
to the viewer. 


APPLICATION 
BULLETIN 
54 
Mechanical 
Handling 
of Subminiature 
LED Lamps and 
Arrays 


The Need for Careful 
Mechanical 
Ha,ndling 


Hewlett-Packard 
manufactures 
a series of individual 
LED lamps and lamp arrays that are very small epoxy 
encapsulated 
devices. These devices are classified as 
having a SUBMINIATURE 
package configuration. 


When carefully 
installed on a printed circuit 
board, 


these devices will reliably function 
with a long predic- 
table operating 
life. 


To obtain long operating 
life, these subminiature 
de- 
vices must be carefully 
installed on the printed circuit 
board in such a manner as to insure the integrity 
of 
the encapsulating 
epoxy. This will in turn maintain the 
integrity 
of the device by not permitting 
mechanical 
and thermal stresses to induce strains on the LED die 
attach and wire bonds which may cause failure. 


This application 
bulletin describes the subminiature 
package assembly, the package's mechanical 
limita- 
tions and offers specific suggestions 
for proper 
installation. 


APPLICATION 
NOTE 
934 
5082-7300 
Series Solid State Display Installation 
Techniques 


The 5082-7300 series Numeric/Hexadecimal 
indicators 
are an excellent 
solution 
to most standard display 
problems in commercial, 
industrial 
and military appli- 
cations. The unit integrates the display character and 
associated drive electronics 
in a single package. This 
advantage allows for space, pin and labor cost reduc- 
tions, at the same time improving 
overall reliability. 


The information 
presented in this note describes gen- 
eral methods of incorporating 
the -7300 into varied 
applications. 


APPLICATION 
NOTE 939 
High Speed Optocouplers 


Often designers are faced with the problem of provid- 
ing circuit 
isolation 
in order to prevent ground 
loops 
and common 
mode signals. Typical devices for doing 
this have been relays, transformers 
and line receivers. 
However, both relays and transformers 
are low speed 
devices, incompatible 
with modern logic circuits. 
Line 
receiver circuits 
are fast enough, but are limited to a 
common 
mode voltage of 3 volts. 


In addition, 
they do not protect very well against 
ground loop signals. Now optocouplers 
are available 
which solve most isolation 
problems. 


This Application 
Note contains a description 
of 
Hewlett-Packard's 
high speed optocouplers 
and dis- 
cusses their applications 
in digital and analog 
systems. 


APPLICATION 
NOTE 945 
Photometry 
of Red LEOs 


Nearly all LEOs are used either as discrete indicator 
lamps or as elements of a segmented or dot-matrix 
display. As such, they are viewed directly 
by human 
viewers, so the primary criteria for determining 
their 
performance 
is the judgement 
of a viewer. Equipment 
for measuring 
LED light output should, therefore, 
sim- 
ulate human vision. 


This Application 
Note will provide answers to these 
questions: 


1. What to measure (definition 
of terms) 


2. 
How to measure it (apparatus arrangement) 


3. 
Whose equipment 
to use (criteria for selection) 


APPLICATION 
NOTE 947 
Digital Data Transmission 
Using Optically 
Coupled 
Isolators 


Optically 
coupled 
isolators (optocouplers) 
make ideal 
line receivers for digital data transmission 
applica- 
tions. They are especially 
useful for elimination 
of 
common 
mode interference 
between two isolated data 
transmission 
systems. This application 
note describes 
design considerations 
and circuit techniques 
with 
special emphasis on selection 
of line drivers, transmis- 
sion lines, and line receiver termination 
for optimum 
data rate and common 
mode rejection. 
Both resistive 
and active terminations 
are described 
in detail. Spe- 
cific techniques 
are described for multiplexing 
applications, 
and for common 
mode rejection and data 
rate enhancement. 


Fli:O- HEWLETT 
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Soldering Hewlett-Packard 
Silver Plated lead Frame lED Devices 


Since the price of gold has increased several times over 
past years, the cost of a gold plated lead frame has 
increased substantially above the cost of a silver plated 
lead frame. The impact of this increase in cost has been 
industry wide. 


By using silver plating, 
no additional 
manufacturing 


process steps are required. Silver has excellent electrical 
conductivity. LED die attach and wire bonding to a silver 
lead frame is accomplished with the same reliability as 
with a gold lead frame. Also, soldering to a silver lead 
frame provides a reliable electrical and mechanical solder 
joint. Soldering silver plated leadframe LED devices into a 
printed 
circuit 
board 
is not 
more complicated 
than 


soldering LED devices with gold plated lead frames. This 
application 
bulletin offers some suggestions on how to 


solder HP silver plated lead frame LED devices. 


The silver plating process is performed as follows: The 
lead frame base metal is activated (cleaned) and then 
plated with a copper strike, nominally 50 microinches 
(0.00127mm) thick. 
Then 
a minimum 
100 microinch 


(0.00381mm) 
thick 
plating 
of 
silver 
is 
added. 
A 


"brightener" 
is usually added to the silver plating bath to 


insure an optimum surface texture to the silver plating. 
The term "brightener" 
comes from the medium bright 


surface reflectance of the silver plate. 


Since silver is porous with respect to oxygen, the copper 
strike acts as an oxygen barrier for the lead frame base 
metal. Thus, oxide compounds of the base metal are 
prevented from forming 
underneath the silver plating. 


Copper readily diffuses into silver forming a solution that 
has a low temperature eutectic point. The interdiffusion 
between 
the 
copper 
strike 
and the silver overplate 


improves the solderability of the overall plating system. If 
basic soldering 
time and temperature 
limits 
are not 


exceeded, a lead frame base metal-copper-silver-solder 
metallurgical bonding system will be obtained. 


Silver reacts chemically with sulfur to form the tarnish, 
silver sulfide (Ag2S).The build-up of tarnish isthe primary 
reason for poor solderability. However, the density of the 
tarnish and the kind of soider flux usedactually determine 


the solderability. As the density of the tarnish increases, 
the more active the flux must be to penetrate and remove 
the 
tarnish 
layer. 
Some 
recommended 
fluxes 
and 
cleaner/surface conditions are discussed in the "Solder, 
Flux and Cleaners" section. 


The best technique for insuring good solderability of a 
silver plated lead frame device is to prevent the formation 
of tarnish. This is easily accomplished by preventing the 
leads from being exposed to sulfur and sulfur compounds. 
The two primary sources of sulfur are free air and most 
paper products 
such as paper sacks and cardboard 
containers. The best defense against the formation 
of 
tarnish is to keep silver lead frame devices in protective 
packaging until just prior to the soldering operation. One 
way to accomplish 
this is to store the LED devices 
unwrapped in their original packaging as received from 
HP. 
For 
example, 
Hewlett-Packard 
ships 
its 
seven 
segment display products 
in plastic tubes which are 


sealed air tight in polyethylene. It is best to leave the 
polyethylene intact during storage and open just prior to 
soldering. 


Listed below are a few suggestions for storing silver lead 
frame devices. 


1. Store the devices in the original wrapping unopened 
until just prior to soldering. 


2. If only a portion of the devices from a single tube areto 
be used, tightly re-wrap the plastic tube containing the 
unused devices in the original or a new polyethylene 
sheet to keep out free air. 


3. Loose devices may be stored in zip-lock or tightly 
sealed polyethylene bags. 


4. For long term storage of parts, place one or two 
petroleum 
napthalene mothballs 
inside the plastic 
package 
containing 
the devices. The evaporating 
napthalene creates a vapor pressure inside the plastic 
package which keeps out free air. 


5. Any silver lead frame device may be wrapped in "Silver 
Saver" 
paper 
for 
positive 
protection 
against 
the 
formation of tarnish. "Silver Saver" is manufactured by: 


The Orchard Corporation 
1154 Reco Avenue 
St. Louis, Missouri 63126 (312) 822-3888 • 


6. To reduce shelf storage time, it will be worthwhile to 
use inventory control to insure that the devices first 
received will be the first devices to be used. 
One caution: The adhesives used on pressure sensitive 
tapes such as cellophane, electrical and masking tape 
can soak through silver protecting 
papers and may 
leave an adhesive film on the leads. This film reduces 
solderability and should be removed with freon T-P35, 
freon T-E35 or equivalent prior to soldering. 


SOLDER, FLUX AND CLEANERS 


The solder most widely used for soldering 
electronic 
components into printed circuit boards is Sn60 (60% tin 
and 40% lead) per federal 
standard 
00-S-571. 
Two 
alternates are the eutectic composition Sn63 and the 2% 
silver solder Sn62. 


As the device leads passthrough the solder waveof aflow 
solder process, the tin in the solder scavenges silver from 
the 
silver 
plating 
and 
forms 
one 
of 
two 
silver-tin 
intermetallics (AgeSn or Ag3Sn). This silver in the molten 
solder should not be considered a contaminant. As the 
silver content increases, the rate of scavenging decreases 
and the probability of obtaining the desired base metal- 
copper-silver-solder metallurgical system is improved. The 
result is that the silver content in solder, which reaches a 
maximum of 2-1/2% in Sn60 at 230°C, aids in producing 
reliable solder joints on silver plated lead frames. 


Solder fl ux classifications per federal standard 00-S-571, 
listed in order of increasing strength, are as follows: 


Type R: Non-Activated Rosin Flux 
Type RMA: Mildly Activated Rosin Flux 
Type RA: Activated Rosin Flux 
Type AC: Organic Acid Flux, Water Soluble 


Suggested applications of these flux types with respect to 
various tarnish levels are as follows: 


Silver plated lead frames that are clean, contaminant and 
tarnish free may be soldered using a Type R flux such as 
Alpha 100. 


Minor Tarnish 


Since some minor tarnish or other contaminant may be 
present on the leads, a type RMA flux such as Alpha 611or 
611 Foam, Kester 197 or equivalent is recommended. 
Minor tarnish may be identified by reduced reflectance of 
the ordinarily medium bright surface of the silver plating. 
Type RMA fluxes which meet MIL-F-14256 are used in the 
construction 
of telephone communication, 
military and 
aero space equipment. 


Mild Tarnish 


For a mild tarnish, a type RA flux such as Alpha 711-35, 
Alpha 809 foam, Kester 1544, Kester 1585 or equivalent 
should be used. A mild tarnish may be identified by a light 
yellow tint to the surface of the silver plating. 


Moderate Tarnish 


A type AC water soluable flux such as Alpha 830, Alpha 
842, Kester 1429 or 1429 foam, Lonco 3355 or equivalent 
will give acceptable results on surface conditions up to a 
moderate tarnish. A moderate tarnish may be identified by 
a light yellow-tan color on the surface of the silver plating. 


If a more severe tarnish is present, such as a heavytarnish 
identified by a dark tan to black color, a cleaner/surface 


conditioner must be used. Some possible cleaner/surface 
conditioners are Alpha 140, Alpha 174, Kester 5560, and 
Lonco TL-1. The immersion time for each cleaner/surface 
conditioner will be just a few seconds and each is used at 
room temperature. For example, Alpha 140 will remove 
severe 
tarnish 
almost 
upon 
contact; 
therefore, 
the 
immersion 
time 
need not exceed 2 seconds. These 
cleaner/surface 
conditioners 
are acidic 
formulations. 


Therefore, thoroughly wash all devices which have been 
cleaned with a cleaner/surface conditioner in cold water. 
A hot water wash will cause undue etching of the surface 
of the silver plating. A post rinse in deionized water is 
advisable. 


CAUTION: These cleaner/surface conditioners may etch 
exposed glass and may have a detrimental effect upon the 
glass filled encapsulating epoxies used in optoelectronic 
devices. Complete immersion of an optoelectronic device 
into a surface conditioner solution is NOT recommended. 
For best results, immerse only the tarnished leads and do 
not expose the encapsulating epoxy to the solutions. 


The cleaning of printed circuit boards after soldering is 
important 
to remove ionic contaminants 
and increase 
circuit reliability. When a Type RMA or Type RA flux is 
used, vapor clean with an azeotrope of fluorocarbon F113 
and 
approximately 
15% alcohol 
by 
weight. 
Some 
equivalent 
products 
are 
Allied 
Chemical 
Genesolve 
DI-15/DE-15, Blaco-Tron DE-15/DI-15 and Arklone K. A 
Type RMA or Type RA flux is a mixture of basic Type R 
rosin flux and an organic acid. The fluorocarbon 
F113 
removes the residual rosin and the alcohol removes the 
residual active ions. Room temperature cleaning may be 
accomplished by using Freon T-E35, T-P35 or equivalent. 
When a Type AC flux is used, wash thoroughly with water. 
Specific 
cleaning 
processes 
are 
suggested 
in 
the 
soldering process section. 


Before the actual soldering 
begins, the printed circuit 


boards and components to be soldered should be free of 
dirt, oil, grease, finger prints and other contaminants. 
Fluorinated cleaners such as Freon T-P35 may be used to 
preclean both the printed circuit boards and LED devices. 
Operators 
may wear cotton 
gloves to prevent finger 
prints when loading components into the printed circuit 
boards. 


If the silver lead frames have acquired an unacceptable 
layer 
of 
tarnish, 
remove 
this 
tarnish 
layer 
with 
a 
cleaner/surface conditioner just prior to soldering. Since 
a cleaner/surface 
conditioner 
does slightly 
etch the 
surface of the silver plating, the silver leads are now more 
susceptible 
to 
tarnish 
formation. 
Therefore, 
use 
a 
cleaner/surface 
conditioner 
only on those silver lead 
frame devices which will be soldered within a four hour 
time period. The effect of various tarnish levels on the 
choice of flux is discussed in the previous section. 


Many of 
Hewlett-Packard's 
LED Lamps and Display 
products have a soldering specification of 230°C (446° F) 
for a maximum time period of 5 seconds. Therefore, in a 
flow solder operation adjust the solder temperature and 
belt speed to conform 
to this specification, 
or as is 
specified 
on the device data sheet. The flow solder 
operation may now proceed in a normal fashion. For best 
results, anyone single lead should be immersed in molten 
solder for as short a time period as possible. At a solder 


temperature of 230°C (446°F). Sn60 solder will dissolve 
silver at the rate of 60 microinches per second. Therefore, 
with an initial silver plating thickness of 100 microinches, 
an immersion timeof 2seconds will completely dissolve the 
silver plating. At a solder temperature of 260°C (500°F), 
Sn60 solder will dissolve silver at the rateof 80microinches 
per second. These dissolving rates decrease as the silver 
content increases in the molten solder bath. 


Post cleaning of soldered assemblies when a type RMA or 
Type RA flux has been used may be accomplished via a 
vapor cleaning process in a degreasing tank, using an 
azeotrope 
of 
fluorocarbon 
Fl13 
and alcohol 
as the 


cleaning agent. A recommended method is a 15 second 
suspension in vapors, a 15 to 30 second spray wash in 
liquid cleaner, and finally a one minute suspension in the 
vapors. When awater soluable Type AC flux such asAlpha 
830 or Kester 1429/1429F is used, the following 
post 


cleaning 
process is suggested: thoroughly 
wash with 


water, neutralize using Alpha 2441 or Kester 5760 or 
Kester 5761 foaming, then thoroughly 
wash with water 


and air dry. 


CAUTION: The use oftetrachloro-di-fluoroethane 
(Fl12), 
acetone, trichloroethylene, 
MEK, carbon tetrachloride 


and 
similar 
solvents 
as 
cleaning 
agents 
is 
NOT 


recommended, as these cleaners will attack or dissolve 
the epoxies used in optoelectronic devices. 


Printed circuit boards, either single sided, double sided or 
mUltilayer, may be manufactured 
with plated through 
holes with a metal trace pad surrounding the hole on both 
sides of the printed circuit 
board. The plated through 
hole is desirable to provide a sufficient surface for the 
solder to wet, and thereby be pulled up by capillary 
attraction along the lead through the hole to the top of the 
printed circuit 
board. This provides the best possible 


solder connection between the printed circuit board and 
the leads of the LED device. 


SOLDERED 
LEADS 


Figure 1illustrates an ideally soldered lead.The amount of 
solder which has flowed to the top of the printed circuit 
board is not critical. A sound electrical and mechanical 
joint is formed. 


Figure 2 illustrates a soldered lead which is undesirable. 


SOLDER 
HAS WETTED 
LEAD 
AND 
PLATED 


THROUGH 
HOLE 
AND 
HAS FLOWED 
TO 


TOP OF P.C. BOARD. 
EXPOSED 
LEAD 
SHOWS 95% SOLDER 
COVERAGE, 


INDICATING 
PROPER 
WETTING 
. 


LACK 
OF SOLDER 
COATING 
ON 


------- 
LEAD 
INDICATES 
INSUFFIOENT 


WETTING 
• 
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Applications Circuits for 
HCPL-3700 and HCPL-2601 


The HCPL-3700 
and HCPL-2601 
are versatile 
members 
of HP's High 
Performance 
Optocoupler 
family. The following 
circuits will help you start using HP Optocouplers. 


THRESHOLD 
SENSING 
INTERFACE 
OPTOCOUPLER 
- 
HCPL-3700 


• 
Programmable 
Sense Voltage 
with Hysteresis 


• 
lSTTl 
and CMOS 
Compatible 
Output 


• 
AC or DC Input 


• 
Recognized 
under 
the Components 
Program 
of 
Underwriters 
laboratories, 
Inc. (File No. E55361) 
360 
i 
320 
> 
I 
280 
~ 
~ 
240 
0 
Vcc 
> 
9 
200 


0; 
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120 
~" 
80 
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~ 
00 
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40 
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Ax - 
EXTERNAL 
RESISTOR 
- kn 


> 


I 
~ 


Vcc 
~ 
0> 
9 
~;: 


;< 
~ 
B 


u0 
> 
I 


LSTTL TO LSTTL 
OPTOCOUPLER 
INTERFACE 
- 
HCPL-2601 


• 
10 MBaud 
Speed 
Typical 


• 
Shield 
provides 
1 KVIJ.Ls Common 
Mode 
Noise 
Immunity 


• 
Low Input 
Current 
Required: 
5 mA 


• 
Recognized 
under the Components 
Program 
of Underwriters 


Laboratories, 
Inc. (File No. E55361) 


Other HP single channel logic compatible optocouplers 
are 6N136, 6N137. 6N138, HCPL-2200, and HCPL-2503. 
Dual 
channel 
logic 
compatible 
optocouplers 
are 
HCPL-2531, HCPL-2630, and HCPL-2700. 


For additional 
optocoupler 
applications 
consult the HP 
Optocoupler Selection Guide. 
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Mechanical and Optical 
Considerations for the 0.3" Microbright 
Seven-Segment 
Display 


The need to conserve 
space in electronic 
instruments 
has 
increased 
drastically 
in the drive to design 
more compact, 


more 
portable 
equipment. 
Hewlett-Packard 
has facilitated 
the saving 
of space 
in the design 
of front 
panels 
with the 
introduction 
of 
the 
Microbright, 
Hewlett-Packard's 
new 
HDSP-7300/-7400/-7500/-7800 
series 
compact 
0.3" seven 
segment 
displays. 
Smaller 
than 
the 
conventional 
0.3" 


device. 
the Microbright 
requires 
less space without 
sacri- 
ficing 
display 
height 
and 
is also 
Hewlett-Packard's 
most 
sunlight 
viewable 
seven segment 
display. 


This 
application 
bulletin 
deals 
with 
several 
issues 
in the 
use of the 
Microbright. 
Optical 
filtering 
is covered, 
with 
recommendations 
on 
filters 
to 
use 
over 
the 
devices. 
~djusting 
the package 
height 
and recommended 
sockets 
are 
also 
presented. 
followed 
by 
a 
discussion 
on 
the 
brightness 
of the display. 


PACKAGE 
DESIGN 


The 
package 
of 
the 
Microbright 
has 
been 
designed 
to 
optimize 
device 
operation 
and ease of use. The package 
requires 
a smaller 
front 
panel 
area of 0.300" 
x 0.500", 
as 
opposed 
to the 0.400" 
x 0.750" 
area of the conventional 
0.3" 
device, 
so that 
it is ideal for 
applications 
with 
tight 
space 
constraints. 
The 
gray 
package 
yields 
higher 
color 
contrast 
between 
the package 
and the "on" segments 
and 
therefore 
provides 
a more visible 
display 
in sunlight 
view- 
able 
applications 
than 
red, 
yellow, 
or 
green 
colored 
packages. 
Moreover, 
mitered 
segments 
have 
made 
the 
character 
font 
compatible 
with 
Hewlett-Packard's 
0.56" 


and 
0.8" 
seven 
segment 
displays. 
In addition, 
the 
effi- 
ciency 
of the 
cavities 
which 
"stretch" 
the 
light 
to 
make 
each segment 
has been increased 
so that the light emitted 
by each LED is used more efficiently 
for a brighter 
display. 
For 
brightness 
comparisons, 
refer 
to 
the 
section 
on 
Sterance. 


The Microbright 
is similar 
to HP's other stretched 
segment 
products; 
hence. 
recommended 
filtering 
techniques 
are 
the same. For indoor 
ambient 
lighting, 
refer to Application 


Note 
1015, Table 
2. For bright 
ambients, 
a 15-20% trans- 
mission 
filter 
is 
recommended, 
such 
as 
Gray 
15 
by 
Panelgraphic, 
or Plexiglas 
2370 (Bronze) 
or 2538 (Gray). 


both by Rohm and Haas. Another 
alternative 
is a louvered 
filter. 
such as 3M's Louvered 
Light 
Control 
Film 
ND0220; 


however, 
the designer 
should 
remember 
that any louvered 
filter 
restricts 
viewing 
angle 
in the vertical 
direction. 
For 
more information, 
refer to Application 
Note 1015. 


PACKAGE 
HEIGHT 
ADJUSTMENT 


The package 
height 
to the seating 
plane of the Microbright 
is 6.09 mm (0.240 inJ. This dimension 
is the same as that 
of the conventional 
0.3" display 
to allow 
retrofits 
in exist- 
ing designs. 
It also makes the Microbright 
compatible 
with 
other 
display 
elements. 
such 
as light 
bars and bar graph 
arrays. 
If a taller height 
is required 
to elevate the display 
to 
a position 
closer 
to the filter, 
spacers 
may be used to ele- 
vate the display. 
Bivar, 
Inc. manufactures 
plastic 
spacers 
which 
will fit the 0.200 inch row-to-row 
spacing 
to slip over 
two 
pins 
(one 
from 
each 
row) 
such 
that 
two 
spacers 
should 
be used 
for 
each 
digit, 
one 
at each 
end 
of the 
package. 
Figure 1 shows elevation ·height by part number. 


Bivar Part No. 
Elevation 
Height 
(in.) 


360-200 
0.030 
361-200 
0.060 
362-200 
0.090 


In the event that the display 
must be elevated 
a significant 
distance. 
the 
user 
may 
find 
that 
the 
lead 
length 
is too 
short. 
In 
this 
case, 
the 
user 
may 
position 
the 
spacer 
between 
a socket 
(preferably 
wire-wrap 
for sufficient 
lead 
length) 
and the PC board. 
For recommendations 
on sock- 
eting, refer to Socketing 
section 
in this bulletin. • 
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SOCKETING 


Standard 
DIP sockets 
which 
have 
the 
0.200" 
row-to-row 
spacing 
are available 
from 
a number 
of socket 
manufac- 
turers. 
Circuit 
Assembly 
offers 
solder 
tail 
and 
wire-wrap 
bifurcated 
pin sockets 
with 
tin or gold 
plated 
finish. 
The 
base 
part 
number 
is CA-10S-TSD, 
which 
is a solder 
tail 
socket 
with 
tin-over-copper 
finish 
and 
phosphor 
bronze 
contacts. 
Three 
different 
wire-wrap 
lead lengths 
as well as 
heat-treated 
beryllium 
copper 
contacts 
are other 
offered 
features. 
These 
sockets 
are 
0.300" 
high 
to 
the 
seating 
plane. 


Another 
vendor, 
Aries 
Electronics, 
Inc., 
offers 
the 
same 
sockets 
with 
much 
the same options 
with either 
collet 
(PIN 
10-2513-10) 
or 
bifurcated 
(PIN 
10-2511-10) 
contacts. 
The 
collet 
contact 
version 
has a seating 
plane height 
of 0.17". In 
addition, 
Aries makes right angle sockets: 
use part number 


10-2820-90 
for bifurcated 
contacts; 
for collet 
contacts, 
add 
"C" to part number. 
Another 
option 
is to use strip sockets, 


which 
are made by most socket 
manufacturers. 


STERANCE 


The brightness 
perceived 
by the human 
eye may quantita- 
tively 
be 
defined 
as 
luminous 
sterance, 
Lv. 
Sterance, 


unlike 
intensity, 
takes into account 
the area which 
radiates 
the 
light 
energy. 
Thus, 
sterance 
is basically 
the luminous 


intensity 
of 
the 
device, 
lv, 
divided 
by 
the 
light-emitting 
area, A: 


Iv (candela) 


Lv (cd/m21 = --------- 


A (metre2) 


This 
means 
that 
given 
two 
identical 
light-emitting 
areas, 


the first 
with 
twice 
the intensity 
of that of the second, 
the 


Figure 
2. Typical 
Luminous 
Sterance 
vs. Forward 
DC 
Current 


first 
would 
appear 
twice 
as bright. 
Another 
approach 
is 
that 
for the same 
intensity, 
if the first 
has half the area of 


that of the second, 
the energy 
is distributed 
over a smaller 


area and therefore 
appears 
twice 
as bright. 


If the faces of both displays 
are studied, 
it can be observed 


that, due to the character 
design, 
the light-emitting 
area of 


the 
Microbright 
is 20% smaller 
than 
the area of the con- 
ventional 
0.3" 
display. 
This 
means 
that 
a 
more 
visible 


display 
is obtained 
with the same amount 
of drive current, 


or that 
for the same 
intensity 
there 
is a savings 
in power 


required 
to drive the display. 


Figure 
2 shows 
typical 
luminous 
sterance 
as a function 
of 
DC forward 
current 
for both 
devices. 
From this graph 
it is 


obvious 
that 
the 20% reduction 
in area does 
not account 


for 
the 
observed 
sterance 
improvement 
of 
about 
50%. 


Hewlett-Packard 
has improved 
the cavity 
efficiency 
of the 


Microbright 
to increase 
the light 
emitted 
from 
the display; 


this 
better 
cavity 
efficiency 
accounts 
for 
the 
additional 


30% 
gain 
in sterance. 
The 
net 
result 
is that 
use 
of 
the 
Microbright 
yields 
a brighter, 
more 
readable 
display 
with- 


out additional 
power 
consumption. 


Spacers 
Bivar, Inc. 
4 Thomas 
Irvine, 
CA 92714 


(714) 951-8808 


Sockets 
Aries'· 
Electronics, 
Inc. 


P.O. Box 130 
Frenchtown, 
NJ 08825 


(201) 996-6841 


Circuit 
Assembly 
Corporation 


3169 Red Hill Avenue 
Costa 
Mesa, CA 92626 


(714) 855-7887 


Chequers 
Engraving, 
Ltd. 


1-4 Christina 
Street 
London 
EC2A 4PA 


01-779-6964/5 


Panelgraphic 
Corporation 
10 Henderson 
Drive 


West Caldwell, 
NJ 07006 


(201) 227-1500 


Rohm and Haas 
Independence 
Mall West 
Philadelphia, 
PA 19105 


(2151 592-3000 


3M Company 
Industrial 
Optics 


Carbonless/Related 
Products 
Division 
225-35 3M Center 
St. Paul, MN 55144 
(612) 733-4403 
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Using 50/125 
j.dll Optical Fiber 
with Hewlett-Packard 
Componeots 


In some applications, 
50/125 I'm 
size optical 
fiber 
may be 
more 
advantageous 
to use than 
100/140 
I'm 
size optical 
fiber. 
100/140 I'm 
fiber 
is used 
primarily 
in the local 
data 
communications 
area 
where 
link 
lengths 
typically 
run 
anywhere 
from 
500 
metres 
to 
2000 
metres. 
100/140 
I'm 
fiber, 
having 
a larger 
core 
diameter, 
is easier 
to 
launch 
light 
into but the attenuation 
per unit length 
is higher 
than 
the 50/125 I'm. 
The 50/125 I'm 
fiber, 
having 
a lower 
atte- 
nuation 
per 
unit 
length, 
is 
used 
more 
in 
the 
telecommunications 
area where 
links typically 
run several 
kilometres. 


Tests were made with three 
HP metal packaged 
fiber optic 
transmitters 
using 
50/125 
I'm 
fiber, 
and 
this 
application 
bulletin 
documents 
those test results to aid in designing 
a 
fiber 
optic 
system 
using 
50/125 I'm 
fiber. 
Use of this bul- 
letin in conjunction 
with the HP Optoelectronics 
Designers 
Catalog 
and 
Application 
Note 
1000, "Digital 
Data Trans- 
mission 
with the HP Fiber 
Optic 
System", 
is suggested 
to 
help 
in understanding, 
in more 
detail, 
the 
design 
para- 
meters 
required 
to 
determine 
typical 
transmission 
distance. 


A fiber 
optic 
system 
is defined 
as a transmitter, 
receiver,. 


cable and connectors 
as shown 
in Figure 1. 


In constructing 
a system, 
there are optical 
and mechanical 
losses 
incurred 
at the transmitter 
to connector 
interface, 
the connector 
to receiver 
interface, 
and there 
is also the 
steady state cable attenuation 
which 
contributes 
to losses. 
In using 50/125 I'm size fiber 
with 
HP components, 
as will 
be shown, 
most of the coupling 
losses occur 
at the trans- 


mitter 
to 
connector 
interface. 
This 
is where 
tests 
were 
made, to determine 
what the typical 
losses are. Using 
the 
data 
from 
these 
tests, 
a full 
system 
performance 
can 
be 
predicted. 


In designing 
a fiber 
optic 
system, 
concern 
must 
be taken 
to ensure 
enough 
optical 
power 
will reach the receiver 
for 


it to operate 
correctly. 
The following 
equation 
is used to 
predict 
losses and an expected 
link 
length. 
The equation 
applies 
to any fiber optic 
system design. 


THE OPTICAL 
POWER 
BUDGET 


<!>T 
- 
2: O::oQ + 
O::TC + 
O::CR 
+ O::M 
<!>R 


The optical 
power 
ratio should 
be greater 
than or equal to 
the system 
losses. 


<!>T= Optical 
power available 
from the transmitter 
(I'W) 


<!>R= Minimum 
optical 
power 
required 
by the receiver (I'W) 


<!>T 
10 Log 
- 
= Optical 
power 
ratio 
<!>R 
I 


O::OQ 


O::TC 


System 


Losses 
O::CR 


O::M 


= Transmitter 
to connector 
coupling 
loss 
(dB) 


= Connector 
to receiver coupling 
loss 
(dB) 


= Optical 
power 
margin 
(set by user, should 
be> 
1 dB) 


FIBER 
OPTIC 
CABLE 


DATA 
IN ~_~ 
eQ---------..~_Q, 
qJ_~ 
DATA 
OUT 


TRANSMITTER 
CONNECTOR 
CONNECTOR 
RECEIVER 
• 


~ 
p b==ll:::::===== 
.....-7---- 1 
CONNECTOR 


TRANSMITTER 
Ol'TC 


"'02 
n 
d~ 
~ 


CONNECTOR 
1 
"'- 


OCR 
RECEIVER 


In a fiber optic link using HP transmitters/rece~ers 
and 
SO/12S/lm fiber, all HP transmitters have a larger source 
area and larger N.A. than the SO/12S/lm fiber. Therefore a 
large optical loss is obtained at the transmitter/connector 
interface. 


HP receivers have a larger detecting area and larger N.A. 
than the SO/125/lm fiber, therefore all light is accepted 
into the receiver and the only optical loss is due to Fresnel 
loss which is about 0.17 dB. The diagrams below illustrate 
the calculations 
required to predict the optical 
losses 
across each interface. 


HP TRANSMITTER 
SOURCE 
WITH 0, 
AND 


N.A.l 


D1 
ccre = 20 Log 
- 
t 
D2 
Loss due to 
diameter mismatch 
(See Note 11. 


+ 20 Log N.A.1 + Fresnel loss 
N.A.2 
t 
Loss due to effective 
N.A. mismatch 


0<x€ 
1 ~~T~~~~~ER 


aCA 
= 
FRESNEL 
LOSS 
~ 
0.17 
dB 


Note: 
1. 01, 02, N.A.1, N.A.2 can be obtained 
from their respective 
data sheets. 


Empirical tests were performed with the SO/125/lm fiber 
optic cable specified in Table 3. The cable was cut into 


two 1 metre lengths and connected on both ends with 
identical connectors listed in Table 1. 


AmphenoI906-120-S001 
Amphenol 906-110-S017 


HP style thread 
SMA style thread 


These connectors are commonly used for S9/12S/lm opti- 
cal fiber. The cable was connectored according to the 
procedures 
documented 
with 
each connector 
when 
purchased. 


Upon connectoring, 
an epoxy having a greater index of 
refraction than the fiber cladding was used. This removed 
light from the cladding and allowed light to be measured 
within the core only (i.e.the fiber was mode strippedl. 


The links 
were connected 
to 
random 
samples of HP 
transmitters and optical power was measured at the end of 
the 1 m links while driving the transmitters at various cur- 
rents. Figure 2 shows the test set up. 


Before empirical tests were performed, theoretical data 
was calculated to determine losses, using data from the 
HP transmitter 
data sheets and data from the specific 
cable used. 


Table 2 lists the HP transmitters used in the tests. 


Table 2. HP Transmitters 
Tested 


Transmitter 


HFBR-1002 
HFBR-1203 
HFBR-1204 


Table 3 lists the specifications of the SO/12S/lm fiber used 
in the tests. 


Table 3. Test Cable Specifications 


Core Diameter 
Outside Cladding Diameter 
Numerical Aperture, N.A., 
Attenuation at A = 820 nm, cco, 
Index Grading Coefficient, g, 


SO/lm 
125/lm 


0.21 
4.09 dB/km 
2 


PHQTODVNE 


IIXE 


OPTICAL 
POWER 
METER 


An 
example 
theoretical 
calculation 
to 
determine 
optical 
power 
out of a 1 metre 
of cable 
is shown 
below 
using 
the 
HFBR-1002 
transmitter 
and 
the 
50/125 
/Lm fiber. 
Optical 
power 
out of the transmitter 
(<I>T)minus 
the transmitter 
to 
connector 
coupling 
loss (O:Tcl minus 
the attenuation 
of Q = 


1 m of cable (O:ol!) equals 
the optical 
power 
out of 1 metre 
of cable 
(<1>1ml. 


<l>1m= <l>T-O:TC-O:ol! 


<l>T= -12.5 
dB 


Typical, 
from 
HFBR-1002 
data 
sheet 
(including 
1.5 dB fixed 
coupling 
loss) 


O:TC= 9 dB 


100 
0.3 
50 + 20 Log 
0.21 


D1 = 100 /Lm, 
N.A.1 = 0.3 for HFBR-1002 
D2 = 50 /Lm, 
N.A.2 = 0.21 for the 50/125 /Lm fiber 
Fresnel 
loss is included 
in the 1.5 dB fixed 
coupling 
loss. 


<l>1m = -12.5 
dB 
- 9 dB 
- 
[4.09 
dB/km 
W.001 
kmlj 
= 
-21.5 
dB 


Knowing 
<l>R (from 
HFBR-2001 
receiver 
data 
sheetl 
and 
using 
the equation 
below, 
a link length 
can be predicted. 


<1>1m - O:CR- O:ol!~ <l>R 


R= (-<I>R+ <1>1m - O:CR)/O:o 
(4) 


<l>R= -30.9 
dB minimum 
from 
HFBR-2001 
data sheet 


O:CR= 0.17 dB 


R= (30.9 dB - 21.5 dB - 0.17 dB)/4.09 
dB/km 


R= 2.25 km 


Typical 
link 
lengths 
using 
each 
T/R 
pair can 
be obtained 
from 
Figures 
4, 5, and 6. 


For 
each 
transmitter, 
measured 
and 
typical 
data 
sheet 
values of <1>1m are listed 
in Table 
4. 


Included 
in the test results 
is information 
on the expected 
performance 
of each 
T/R 
pair 
using 
HP 100/140 
/Lm size 
fiber. 


A review 
of the data will confirm 
the following 
points 
when 
comparing 
the performance 
of HP T/R 
pairs with 
100/140 
/Lm and 50/125 /Lm size fibers: 


• 
<l>1m is reduced 
by approximately 
10 dB 
when 
using 
50/125 
/Lm fiber 
• 
Link distance 
will be longer 
with 
100/140 /Lm fiber 


The graphs 
(Figures 
4, 5, and 6) allow 
the designer 
to pre- 
dict 
the 
optical 
power 
available 
from 
a given 
fiber 
at a 
specific 
length, 
for typical 
transmitters. 


Typical 
links 
lengths 
can be obtained 
by noting 
where 
the 
slope 
of the fiber 
attenuation 
line crosses 
the receiver 
sen- 
sitivity 
and extrapolating 
down. 


Cable/Connector 
<l>1m 
<l>1m 
Link Length, 
m 
Conditions 


Transmitter 
[Note 
2] 
(Measured) 
(Data 
Sheet Typical) 
[Note 
4] 
[Note 
3] 


HFBR-1002 
100/140/Lm/ 
-10.5 
dBm 
-12.5 
dBm 
3.6 k 
T = 25°C 


HFBR-4000 
89/LW 
56/LW 
Vcc = 5 V 


50/125/Lm/ 
-20.3 
dBm 
-21.5 
dBm 
2.5 k 
IF = 83.6 mA 


Amphenol 
9.3/LW 
7.1/LW 
906-120-5001 


HFBR-1203 
100/140/Lm/ 
-8.6 dBm 
-7.4 dBm 
3.1 k 
T = 25°C 
HFBR-4000 
138/LW 
182/LW 
IF=100mA 


50/125/Lm/ 
-19.0 
dBm 
-19.3 
dBm 
1.7 k 


Amphenol 
12.6/LW 
11.7/LW 
906-120-5001 


HFBR-1204 
100/140/Lm/ 
-8.5 dBm 
-7.4 dBm 
3.1 k 
T = 25°C 
OFT1455B 
141/LW 
182/LW 
IF= 
100 mA 
(SMA Stylel 


50/125/Lm/ 
-17.2 
dBm 
-19.3 
dBm 
2.1 k 


Amphenol 
19.3/LW 
11.7/LW 
906-110-5017 
• 


Notes: 
2. The attenuation of the 100/140 I'm fiber used = 5.5 dB/km. The attenuation of the 50/125 I'm fiber used = 4.09 dB/km. 
3. Tests were made at ambient temperature 
of 25° C. For guaranteed 
operation 
at -400 C ,; T ,; 850 C, see HP Optoelectronics 


Designers Catalog for transmitter and receiver data sheets. 
4. Link lengths are predicted using eq. 4, the measured value of <1>1 
m, and the appropriate 
HP receiver and cable. See Figures 4, 5, 


and 6 for graphical representation. 
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Figure 5. Expected Optical Power out of a Given length 
of 
Cable Using the HFBR-1203 Transmitter 
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Figure 6. Expected Optical Power out of a Given length 
of 
Cable Using the HFBR-1204 Transmitter 
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CMOS Circuit Design 
Using Hewlett-Packard 
Optocouplers 


INTRODUCTION 


The purpose of this bulletin 
is to provide the CMOS designer 


with a set of useful interface 
circuits 
incorporating 
Hewlett- 
Packard 
optocouplers. 
HP 
offers 
a 
wide 
variety 
of 


optocouplers 
suitable 
for use in the low current, 
low power 


CMOS 
design 
environment. 
Typical 
applications 
include 


logic 
system 
isolation, 
ground 
loop elimination, 
logic 
level 
translation, 
microprocessor 
system 
interface, 
computer- 


peripheral 
interface, and line receiver applications. 


HEWLETT-PACKARD 
CMOS COMPATIBLE 


OPTOCOUPLERS 


The HCPL-2300 
optocoupler 
(Table 
1, Figure 
11 offers 
the 
unique 
combination 
of low LED operating 
drive current 
of 
0.5 mA at a 5 MBd data rate. Power supply voltage is rated at 
+7 V max and the open collector 
output 
is rated at +18 volts. 
A 1K n internal 
pull-up 
resistor 
eliminates 
the need for an 


external 
pull-up 
resistor, 
if so desired. 
An internal 
shield, 
which 
shunts 
capacitively 
coupled 
common 
mode noise to 
ground, 
improves common 
mode transient 
immunity. 


The HCPL-2200 
optocoupler 
(Table 
1, Figure 21 has +20 V 
maximum 
power 
supply 
and output 
voltage 
ratings. 
At a 
drive current 
of 1.6 mA, a 2.5 MBd data rate is achievable. 


The HCPL-2200 
also features 
the internal 
shield to improve 
common 
mode transient 
immunity. 


The 6N139 optocoupler 
(Table 
1, Figure 31 has a low input 


drive current 
requirement 
of 0.5 mA, as well as +18 V power 


supply 
and output 
voltage capabilities. 
The data rate can be 
increased 
to 100 KBd by connecting 
a 51Kll 
emitter-base 
bypass resistor 
between 
pins 5 and 7. This resistor provides 


an alternate 
path for output 
current 
to flow, which shortens 


transition 
times 
and 
effectively 
increases 
data 
rate 


capability. 


The HCPL-2731 
optocoupler 
(Table 1, Figure 41 performs 
as 
a dual channel 
version of the 6N139 and features an internal 


emitter-base 
bypass 
resistor. 
The power supply 
and output 


voltages are also rated at +18 V max. 


RECOMMENDED 
CIRCUIT 
DESIGNS 


The shunt drive interface 
circuit 
(Table 1, Figure 5) provides 
optimal 
speed performance, 
protection 
against 
leakage cur- 
rent 
through 
the 
LED, 
and 
reduced 
common 
mode 
influences 
associated 
with 
switching 
a floating 
LED. The 
diode, 
D1, is required 
for active devices to ensure that the 


drive current 
originates 
from the power supply 
and not the 


device 
output. 
The 
low forward 
voltage 
of the diode, 
D1, 


ensures 
that the LED remains 
off when the driver switches 


low. The capacitor, 
Cp, can be used with the HCPL-2300 to 
correct 
pulse width 
distortion 
by substantially 
delaying 
the 


turn-on 
time 
of 
the 
LED 
while 
leaving 
the 
turn-off 
time 


nearly the same. 


The active 
CMOS series drive (Table 
1, Figure 61 does not 
require 
a diode, 
thus saving 
the designer 
one component. 


The capacitor, 
Cp, functions 
as a peaking capacitor 
by effec- 
tively 
dumping 
charge 
to 
and 
from 
the 
HCPL-2300 
LED 
when switching. 
This circuit, 
however, does not provide pro- 
tection 
from 
leakage 
current 
and 
its 
switching 
action 
is 


slightly 
slower due to the total interruption 
of current 
rather 


than the re-direction 
of it as seen in the shunt drive circuit. 


The open collector 
LSTTUTTL 
series drive interface 
circuit 


(Table 1, Figure 71also provides 
leakage current 
protection. 


The 
resistor, 
R2, shunts 
up to 250 p.A of leakage 
current 
away from 
the optocoupler 
input 
terminals, 
protecting 
the 


LED 
from 
undesired 
conduction 
when 
the 
driver 
output 
transistor 
is in the off stale. 


On the output side, a pull-up 
resistor is required 
for use with 
the open 
collector 
HCPL-2300, 
6N139, and 
HCPL-2731. 
A 


pull-up 
resistor 
is recommended 
for use in CMOS designs 


with the HCPL-2200 to improve data rate, but is optional 
due 


to the device's three-state 
output. 


The circuit 
parameters 
of Table 
1 were obtained 
with 
low 


power dissipation 
as the main design 
Objective, 
in keeping 


with 
CMOS 
characteristics. 
However, 
data 
rate capability 


can be improved 
with increased 
IF and 10. When RI and RL 
are decreased 
in value, 
the respective 
RC time 
constants 


which correspond 
to the input and output 
circuitry 
decrease 


to an optimum 
value. 
This 
yields 
faster 
transition 
times, 


lower pulse width 
distortion 
and higher 
oata rate capability 


at the expense of greater power dissipation. I 
To choose 
an optocoupler 
and drive circuit 
suitable 
for a 


particular 
application, 
the designer 
should 
select the opto- 
-:_. 
coupler 
which 
best matches 
the data rate and input current 
requirements. 
Then, 
a drive 
circuit 
can 
be chosen: 
shunt 
drive is recommended 
for speed and leakage current 
protec- 


tion; 
series drive 
is recommended 
if the designer 
wants to 


minimize 
the number 
of components. 
The individual 
com- 
ponent 
values 
are then 
selected 
according 
to the 
power 
supply voltages indicated 
in Table 1. 


Table 1. Optocoupler 
Circuit Configurations 
for use in CMOS Circuit Design 
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Figure 1. HCPL-2300 
Figure 2. HCPL-2200 
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Threshold Detection of Visible 
and Infrared Radiation 
with PIN Photodiodes 


Traditionally, 
the 
detection 
and 
demodulation 
of 
ex- 
tremely 
low level optical 
signals 
has been 
performed 
with 
multiplier 
phototubes. 
Because of this tradition, 
solid-state 
photodetectors 
are often 
overlooked 
even though 
they have 
a number 
of clear functional 
advantages 
and in some appli- 


cations provide 
superior 
performance 
as well. Some of these 
advantages 
are summarized 
below 
and 
become 
even 
more 
apparent 
in the following 
discussion. 


ADVANTAGES 
OF PIN PHOTODIODES 
VERSUS 
MULTIPLIER PHOTOTUBES 


1. Size and weight: 


PIN 
photodiodes 
are 
approximately 
three 
orders 
of 
magnitude 
smaller 
and 
lighter. 
This 
greatly 
simplifies 
and reduces the cost of mounting. 


2. Power 
Supply: 


Multiplier 
phototubes 
require 
more 
than 
1000 
volts, 


which 
must be precisely 
regulated 
and divided 
among 


the dynodes. 
By comparison, 
PIN photodiodes 
and asso- 


ciated 
amplifiers 
operate 
stably on less than 
20 volts, 


which 
does not require 
precise regulation. 
3. Cost: 


The 
cost, including 
that of the necessary 
amplifier, 
is 


lower for the PIN 
photodiode 
because of lower power 
supply 
requirements. 


4. Spectral Response: 
Broad 
skirts 
of 
the 
PIN 
photodiode 
make 
it useful 
from the ultra-violet, 
through 
the visible, and well into 


the 
infrared 
region. 
This 
exceeds 
the 
range 
of 
any 


other 
device of comparable 
sensitivity. 


5. Sensitivity: 
Noise 
equivalent 
power 
of 
the 
PIN 
photodiode 
is 


lower 
than 
that 
of 
any other 
type 
of 
photodetector. 


The 
signal 
levels are extremely 
low, however, 
and to 


achieve low level performance 
they require 
a high gain, 


high 
input 
resistance 
amplifier. 
Multiplier 
phototubes 


have built-in 
gain 
and 
do not require 
additional 
low- 
noise amplification. 
Moreover, 
the high input 
resistance 


needed 
for 
sensitive 
performance 
precludes 
fast 
re- 
sponse, whereas 
the response 
time of multiplier 
photo- 


tubes 
may 
be in the 
nanosecond 
region 
even 
in the 
sensitive 
mode. 


6. Stability: 


The 
characteristics 
of noise, 
responslvlty, 
and 
spectral 
response 
of the PIN 
photodiode 
are not dependent 
on 


time, 
temperature, 
or other 
environmental 
considera- 


tions. 
The 
same conditions 
may be hazardous 
to mul- 


tiplier 
phototubes. 


7. Overloading: 


In the fresence 
of excessive 
signal, 
multiplier 
photo- 


tubes 
0 
comparable 
sensitivity 
are capable 
of destroy- 


ing themselves 
as a result 
of excessive 
output 
current. 


The PIN 
photo diode is unaffected 
by exposure 
to room 


light or even direct sunlight. 


8. Ruggedness: 
PIN 
photodiodes 
can tolerate 
exposure 
to extreme 
lev- 
els of shock and vibration. 
Typical 
shock capability 
is 


1500 G's for 0.5 millisecond. 


9. Magnetic 
Fields: 


Multiplier 
phototube 
gain is affected by fields as small 
as one gauss. If the interfering 
field is fluctuating, 
the 
output 
will be modulated 
by it. The 
PIN 
photodiode 
is insensitive 
to magnetic 
fields. 


10. Precision: 


The 
responsivity 
of the PIN 
photodiode 
is inherently 


precise 
and repeatable. 
Within 
a given 
type, the char- 


acteristics 
agree 
(from 
unit 
to unit) 
within 
plus 
or 


minus 
0.1 
decade. 
Responsivity 
of 
multiplier 
photo- 


tubes may vary over more than a decade from one unit 
to another. 


11. Sensitive 
Area: 


The small sensitive 
area of the PIN 
photodiode 
makes 


it unnecessary 
to establish 
an aperture 
which 
may be 


required 
for some applications. 
However, 
in some ap- 


plications 
good 
optical 
alignment 
is imposed 
by the 
small area. 


PIN PHOTODIODE 
DETECTORS 


At the present 
time a variety of different 
types of solid- 
state photodetectors 
are available. 
Of these, the Silicon PIN 


Photodiode 
has the broadest 
applicability 
and is the subject 
of this 
note. 
The 
PIN 
photodiode's 
main 
advantages 
are: 


broad 
spectral 
response, 
a wide dynamic 
range, high 
speed, 


and 
extremely 
low 
noise. 
With 
appropriate 
terminal 
cir- 
cuits 
it is well 
suited 
for 
many 
applications 
that 
require 
converting 
an 
optical 
signal 
to an 
electrical 
signal. 
The 


present 
discussion, 
however, 
will be limited 
to the descrip- 
tion of the PIN 
photodiode's 
threshold 
detection 
sensitivity 
and the design 
of suitable 
terminal 
circuits that will realize 
this capability. 


PHOTODIODE 
DESCRIPTION 
Construction 
A brief 
description 
of the PIN 
photodiode 
will be help- 
ful in understanding 
its performance 
and the principles 
for 
desIgnIng 
appropriate 
circuits 
to be used with 
it. Figure 
1 
shows 
a typical 
construction 
of the PIN 
photodiode. 
This 
figure is for the purpose 
of explanation 
only and is not to 
scale. The 
relative 
proportions 
have been 
deliberately 
dis- 
torted 
for the sake of clarity. 
The 
PIN 
structure 
is produced 
by diffusion 
through 
an 
oxide 
(5,02) 
mask which also serves to protect 
the surface. 
Since most metals 
are very opaque 
to optical 
radiation, 
es- 
pecially 
at infrared 
wavelengths, 
the 
gold 
contact 
is de- 
posited 
only around 
the perimeter 
of the P-Iayer, 
and the 
gold 
contact 
pattern 
provides 
for 
lead 
attachment 
a short 
distance 
away from the junction 
region, so the lead is not in 
the light path. 


Mode of Operation 
When 
a photon 
is absorbed 
by the silicon it produces 
a 
hole 
and an electron. 
If the absorption 
of the photon 
oc- 
curs in the I-layer, 
as shown 
in Figure 
1, the hole and the 
electron 
are separated 
by the 
electric 
field 
in the 
I-layer. 


For 
the 
highest 
quantum 
conversion 
efficiency 
(electrons 
per photon) 
it is desirable 
to have 
the P-layer 
as thin 
as 
possible 
and the I-layer 
as thick as possible. 
The 
thickness 
of 
the 
P-layer 
also 
determines 
the 
value 
of 
the 
parasitic 
series resistance 
(Rs in Figure 
2). 
The 
thinner 
the P-layer 
the higher 
the Rs. Since Rs affects high frequency 
perform- 
anc~ there 
is therefme 
a desisn 
trade-off 
between 
quantum 
effiCIency and bandwIdth. 
Once 
the trade-off 
is settled, 
the 
desired 
thickness 
is then 
controlled 
during 
the 
diffusion 
process. 
The 
effective 
thickness 
of the I-layer 
is controlled 
partly by the manufacturing 
diffusion 
process and partly by 
the magnitude 
of the electric 
field applied 
to the diode- 
the higher 
the field, the thicker .will be the effective I-layer. 
It 
is 
therefore 
desirable 
to 
operate 
the 
diode 
with 
an 
external 
reverse 
bias, as shown 
in Figure 
2. As the reverse 
bias voltage 
is increased 
from 
zero, 
there 
are three 
bene- 
ficial effects: 
hole and electron 
transit 
time decreases; 
con- 
version 
efficiency increaseS slightly; 
and most 
importantly, 
the capacitance 
decreases 
sharply 
with bias up to about ten 
volts and continues 
to decrease 
slightly 
up to about twenty 
volts reverse bias. 
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Figure 
2, PIN Photodiode 
Schematic 
Symbol, and 
Equivalent 
Circuit 


In the presence of optical signals (here is a slight modula- 
tion 
of the shunt 
conductance 
as the presence 
of photon- 
produced 
holes 
and 
electrons 
in the 
I-layer 
modulate 
its 
conductivity. 
This effect can be quite significant 
at very high 
levels of illumination 
since the I-layer may become saturated, 
'resulting 
in a decrease in quantum 
efficiency and an increase 
in rise time. Saturation 
can be prevented 
by applying 
a very 
high reverse bias voltage 
(up to 200 volts). 
However, 
such 
a high 
voltage, 
applied 
over 
a long 
period 
of time, 
may 
cause a degradation 
of the diode's 
leakage 
properties. 
Since 
our present 
concern 
is with threshold 
performance, 
reverse 
bias voltages 
greater 
than 
twenty 
volts 
need 
not 
be con- 
sidered. 


Equivalent Circuit 
When 
properly 
biased, the PIN 
photodiode 
can be accu-- 
rately represented 
by the equivalent 
circuit shown 
in Figure 
2. Here ip is the external 
current 
resulting 
when the diode is 
illuminated. 
It has a time constant 
of 
10 picoseconds 
and 
a value 
of approximately 
0.5 amp 
per watt 
of input 
at a 
wavelength 
of 
8000 
angstroms 
(800 
nanometers). 
This 
corresponds 
to a quantum 
efficiency of 75%, 
that 
is, 0.75 
electrons 
per 
photon. 
The 
quantum 
efficiency 
is constant 
from 
500 
nanometers 
to 
800 
nanometers 
(5,000 
A 
to 
8,000 
A). 
iN is the noise current 
of the PIN 
photodiode. 
Since the 
diode is reverse biased, the shot noise formula 
is applicable, 
so that the noise current 
can be computed 
from: I 
i/ 
"B= 2qI", 
(1) 


where 
B = system 
output 
bandwidth, 
Hz 
q = electron 
charge, 
1.6 X 10-'" coulombs 
Id, = dc current, 
Amp. 


In the case of the photodiode, 
1M is simply the dark cur- 
rent, 
IR, 
which 
has a value determined 
by the construction 
and dimensions 
of the particular 
diode type. Maximum 
val- 
ues are: 
100 picoamps 
for 
5082 - 4204, 
150 picoamps 
for 
5082 -4205 and 2 nanoamps 
for 
5082-4203. 
Shunt 
resistance, 
RD, is very large, 
being 
usually 
greater 
than 10 gigaohms 
(10,000 megohms), 
and its noise current 
may therefore 
be neglected. 
Shunt 
capacitance, 
CD' has a 
value from two to five picofarads, 
depending 
upon the diode 
type and reverse bias. For high frequency 
operation 
it is im- 
portant 
to minimize 
CD because 
the cutoff frequency 
is de- 
termined 
by: 


1 
f,. = 27TR.,C" 


Although 
our 
present 
concern 
is with 
low 
frequency 
threshold 
operation, 
there is another 
reason 
for minimizing 
CD' This will be discussed 
later, when circuit design 
princi- 
ples are presented. 


Performance 
Threshold 
performance 
can and has been 
specified 
in a 
number 
of different 
ways. The most commonly 
understood 
and usable expression 
takes the form of a noise equivalent 
input signal. This is the input signal which produces 
an out- 
put signal level that is equal in value to the noise level that 
is present 
when no input signal is applied. 
The noise equiv- 
alent 
input 
in 
watts 
is 
called 
Noise 
Equivalent 
Power 
(NEP) 
and is defined 
by: 


NEP = 
NOISE 
CURRENT 
(amps per root hertz) 
(3) 
CURRENT 
RESPONSIVITY 
(amps per watt) 


which 
has the 
units 
of watts 
per 
root 
hertz. 
Devices 
for 
photo-detection 
could 
then 
be compared 
on 
the 
basis 
of 
NEP. 
The lower the NEP 
the more sensitive 
is the device. 


Another 
method 
of defining 
threshold 
sensitivity 
is on the 
basis of signal-to-noise 
ratio 
for given 
input 
signal 
power 
levels. Taking 
a power 
level of one picowatt, 
for example, 
the signal-to-noise 
ratio at the output 
can be obtained 
from: 


RESPONSIVITY 
(amps) 
X INPUT 
(watts) 
watts 
(4) 
NOISE 
CURRENT 
(amps) 


This is a ratio of currents. 
To express it in dB we would 
take twenty 
times its log to base ten, even though 
the ex- 
pression 
converts 
linearly 
to a power 
ratio. This is because 
the devices respond 
linearly 
to input 
power. 
Figure 
3 shows spectral 
sensitivity 
characteristics 
of sev- 
eral PIN 
photodiodes 
and multiplier 
phototubes. 
Sensitivity 
is given in terms of SNR and NEP. The latter is in terms of 
dBm. 
Several 
interesting 
features 
are evident 
in Figure 
3. 
Although 
the 
quantum 
efficiency 
for 
PIN 
photodiodes 
is 
constant 
from 
500 to 800 nanometers, 
the sensitivity 
curve 
is not. This is due to the fact that the energy 
per quantum 
(photon) 
of radiant 
energy 
varies with wavelength. 
The curves for the three different 
PIN 
photodiodes 
also 
show the dependence 
of sensitivity 
on leakage current. 
Here 
the 
highest 
sensitivity 
is obtained 
with 
the 
5082- 
4204 
which 
has a maximum 
leakage 
current 
of 
100 picoamps. 
Next 
is the 
5082·4205 
with 
150 picoamps 
and 
finally 
the 
5082-4203 
with maximum 
leakage of 2 nanoamps. 
The 
three curves are in effect displaced 
by the magnitude 
of the 
noise current 
difference 
because quantum 
efficiency is equal 
for all. These curves also show the inherent 
broad 
response 
of PIN 
photodiodes 
with 
respect 
to multiplier 
phototubes. 
Therefore, 
the power 
responsivity 
of the PIN 
photodiode 
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has a corresponding 
slope. Notice 
how the inherently 
broad 
response 
of silicon, 
enhanced 
by the thick I-layer 
construc- 
tion, extends 
the range 
of useful 
performance 
over the re- 
sponse ranges of two types of photocathodes. 


Although 
the 
threshold 
sensitivity 
of multiplier 
photo- 
tubes is superior 
in the visible region, 
nevertheless 
for many 
applications 
the advantage 
is not significant 
enough 
to out- 
weigh 
the disadvantages 
of generally 
unstable 
and tempera- 
ture-sensitive 
gain, 
large size and weight, 
and the need 
of 
very high 
and stable 
power 
supply 
voltages. 
On the other 
hand, 
the superior 
red and infrared 
threshold 
performance 
of the PIN photodiode 
does not necessarily 
mean it is better 
in any application, 
because one must 
take 
into 
account 
its 
small sensitive area and low signal levels. Realization 
of the 
performance 
capability 
described 
in Figure 
3 also requires 
fairly careful 
attention 
to the design of the terminal 
circuits 
into which the PIN photodiode 
operates. 


TERMINAL 
CIRCUIT 
DESIGN 
PRINCIPLES 
The 
design 
of the terminal 
amplifier 
must 
consider 
the 
usual design 
objectives 
of low noise, broad 
band, 
wide dy- 
namic 
range, 
etc. In addition, 
there 
are two fundamental 
considerations 
which 
are dictated 
by the PIN 
photodiode: 
1. High 
Reverse Voltage: 
The 
diode 
must 
be operated 
at ten 
to twenty 
volts 
of 
reverse bias to reduce shunt 
capacitance. 
2. High 
Input 
Resistance: 
This is a fundamental 
consideration 
in the sensitivity/rise 
time trade-off. 
The 
effects of reverse 
voltage 
on capacitance 
have been 
discussed 
earlier. 
However, 
the effect is sufficiently 
impor- 
tant to deserve 
a re-emphasis 
here. 
A high input 
resistance 
is necessary in order 
to maintain 
a high signal-tp-noise 
ratio. Since the output 
signal from the 
photodiode 
is a current, 
and its own internal 
noise is repre- 


sented 
by a current, 
it is appropriate 
to represent 
the noise 


of the terminal 
amplifier 
as an equivalent 
noise current 
at 
the input. 
The smallest 
value of resistor which may be con- 
nected to the input is then limited by its noise current accord- 
ing to the formula 
for thermal 
noise: 


iN2 
(thermal) 
4kT 
B 
R 
By comparing 
eq (1), relating 
diode noise current 
to leak- 
age current, 
with eq (5), 
relating 
resistor noise current 
to its 
resistance 
value, it is clear that there is some value of resist- 
ance below 
which 
the NEP 
of the 
system, 
i.e., threshold 


sensitivity, 
would be degraded 
at the rate of 5 dB per decade 


of decreasing 
resistance. 
For 
example, 
in the 
case of 
the 
5082 - 4203, assuming 
a maximum 
leakage current 
of 2 nano- 


amps, 
the 
value 
of 
resistance 
should 
be greater 
than 
25 
megohms, 
to avoid degrading 
the threshold 
sensitivity. 


TRANSISTOR AMPLIFIER 
In addition 
to keeping 
the 
input 
noise 
current 
low by 


using large values of input resistance, 
it is also important 
to 


keep other 
sources of noise in the amplifier 
at a minimum. 


Using ordinary 
transistors 
(PNP 
or NPN) 
it is not possible 
to approach 
the ultimate 
sensitivity 
of which the PIN photo- 
diode alone is capable, even when low-noise 
transistors, 
such 


as the 
2N2484, 
are used. 
However, 
in those 
applications 


where 
it is possible 
to sacrifice 
sensitivity 
for 
simplicity, 
transistors 
may be used. A typical transistor 
circuit is shown 
in Figure 4. With 
this circuit, a sensitivity 
corresponding 
to 


an NEP 
of - 
95 dBm was obtained. 
In this case, Ql 
was 


operated 
at the lowest possible collector current which would 


still give adequate 
gain. 
A high 
loop gain 
was desired 
in 


order 
to compensate, 
with 
negative 
feedback, 
for the long 


open-loop 
rise time produced 
by the high 
input 
resistance. 
A resistance higher than 10 megohms 
was not necessary here, 


since the transistor 
itself sets the fundamental 
noise limita- 
tion. A PNP 
transistor 
was selected for Q2 in order 
to bal- 


ance out most of the base-to-emitter 
voltage 
of Ql, 
so that 


the output 
would 
tend to be near zero without 
any zero ad- 


justment. 
A slight zero adjustment, 
provided 
by R2 and R3, 


gives the necessary range without 
appreciably 
attenuating 
the 
feedback 
current. 
As 
the 
photocurrent, 
12, increases, 
the 


amplifier 
causes the voltage at the emitter 
of Q3 to decrease, 


which causes a current in R! to /low out of the node (base of 
Q!) 
into which 12 /lows. 


Basic Amplifier Arrangements 


For linear operation, 
the photodiode 
should be operated with as 


small 
a 
load 
resistance 
as 
possible. 
Figure 
5 shows 
the 
recommended 
amplifier arrangement. 
The negative-going input 
is at virtual ground; 
the dynamic 
resistance seen there by the 


photodiode 
is R 1 divided 
by loop gain. 
If the op-amp 
has 


extremely 
high input 
resistance, 
loop gain is very nearly the 
forward 
gain 
of the 
op-amp. 
R2 can 
be 
omitted 
if the 
photocurrent 
is reasonably high - 
its purpose is only to balance 
off the effect of offset current. As shown, the output voltage will 
rise in response to the optical signal. Ifit is preferable to have the 
output 
drop 
in response 
to 
optical 
input, 
then 
both 
the 


photodiode 
and Ec should be reversed. 
Ec may, of course, be 
zero. Speed of response is usually limited by the time constant of 
R 1 with its own capacitance, 
so it is improved by using a string of 


two or more resistors in place of a single R I' 


Logarithmic 
operation 
requires 
the 
highest 
possible 
load 
resistance - 
at least lOGn. 
With an FET-input 
op-amp, this is 


Figure 5. Linear Response; 
Photodiode 
and Amplifier 
Circuit Arrangement 
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easily achieved 
as in Figure 
6. If the offset current 
of the 
amplifier poses a problem, a resistor can be added between the 
positive- and negative-going 
inputs. Its value should not be less 
than 10Gn. divided by loop gain. If the amplifier has a very high 
input resistance, 
loop gain is equal to the forward 
gain of the 
amplifier divided by (I + R / RI) so making R2 = 0 allows the 
smallest possible resistance 
between the inputs. 
The speed of 
response of this amplifier will be very low, with a time constant 


T =O.ls. If high speed logarithmic operation 
is required, it is best 
to use the linear amplifier of Figure 5 followed by a logarithmic 
converter. 


High Speed Pholodlode Amplllier 


Applications 
that call for high speed data signaling, 
such as 


CRT light pens, require amplifiers that have a wider bandwidth 
than the circuit shown in Figure 5. 


Using a five transistor 
array (RCA CA3127E) it is possible to 
construct 
a high speed, high gain photodlOde 
amplifier. 
This 


circuit 
is shown in Figure 
8. It is configured 
as a two stage 
amplifier. 
The first stage is composed 
of transistors 
Q I-Q3, 


where QI is an input emitter follower with feedback obtained 
from the emitter of Q3. Q2 functions as an inverting arnplifier 
interconnecting 
Q I to Q3. The second stage consists of Q4 and 
Q5 which provide additional 
gain and output 
buffering, of the 
first stage. These two stages provide an equivalent 
transresis- 


tance of 420K ohms. This means that the output voltage Vo is 
equal to the photocurrent, 
Ip, times 420K ohms. 


When high speed circuit layout techniques are used it is possible 
to obtain the rise and fall time performance 
shown in Figure 7. 


This speed is equivalent 
to a bandwidth 
of 9.5MHz 
with an 
input flux of 1.9~W. This flux level can be obtained 
from a 


HEMT-6000 
700nm High Intensity Subminiature 
Emitter when 
it is operated at lOrnA, at a distance of Iem from the 5082-4207 
PIN photodiode. 
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Figure 6. Logarithmic 
Response; 
Photodiode 
and Amplifier 
Circuit Arrangement 


VOLTAGE 
ACROSS 
HEMT-6000 
EMITTER 


OUTPUT 
OF AMPLIFIER 
Ir = 37ns 


If = 24ns 


VO(DC) = 1.7V 


5082 - 4207 
PIN PHOTODIODE 


AA' 
AA' 


FLUX 
IN 


'~'p.'" 


I 


Fli;a HEWLETT 
~~ 
PACKARD 
APPLICATION NOTE 948 
PerfOrInance ofthe 6N135, 6N136 and 
6N137 Optocoupters in Short To Moderate 
Length Digital Dataiansmission Systems 


ThiB appllcetlon 
note e._ 
W8&1m rkI8i{JfHJ($by descrlbiiJg the pt1rformence $ beexpected from 
the use of 
HP 6Nt35-8Nt:J7 
optDCtluphffs • 
e line I'fICllivtlf' In (I TTL·m 
cOl'nfJ8t1bleNRZ'data 
trIInsmission link. 
It 
dt1terIbss #JIItJf'1IluIBful 
totlll IV""" 
including 
line drilltlf, 
ceble, termination, 
end TTL compatible 
conn6Ctions. 


The syl&lm, dt1terIbBd utlliZfl /nexptJmllltl csbIe end operllte IIItll1JIctorlly 
OVtlf'the rengtl of tTllfIsmission distences 
from 
t ft. to 300 ft 
Ov.,. this nmgtl of dlltllnCBl, 
the dete ,., 
vtlf'l. 
from 0.6 megeblts pt1r second to 19 megebits 
pt1r secandlllTfll/yllmlted 
by coupler /Hldormanee et iJhort~, 
end csbIeltJl8e8 st longer dlmnees. 


Optocouplers 
can function 
as excellent 
alternatives 
to inte- 
grated 
circuit 
line receivers 
in digital data transmission 
ap- 
plications. 
Their 
major 
advantages 
consist 
of 
superior 
common-mode 
noise 
rejection 
and 
true 
ground 
isolation 
between 
the two subsystems. 
For example, 
a conventional 
line receiver 
is limited 
to a ±20V common-mode 
noise re- 
jection 
at best from 
DC over its operating 
frequency 
range, 
while 
an 
optocoupler 
can 
achieve 
rejections 
of ±2.5kV 
at 60Hz. 


A conventional 
optocoupler 
that uti! izes a photo-transistor 
is limited in its minimum 
total switching 
time. At the higher 
data 
rates, 
above 
200-500 
kbits/s, 
these 
delay 
times 
can 
become 
very significant. 
The HP 6N 135 and 6N 136 utilize 
an integrated 
photo-diode 
and transistor 
to produce 
lower 
total 
switching 
time. 
The 
HP 6N 137 
adds 
an integrated 
amplifier 
with in its package 
to decrease 
these delay times 
still further. 
All three 
units 
can 
produce 
data 
rates 
well 
in excess 
of 500 kbits/s, 
while the 
6N 137 can couple 
an 
isolated 
9.5MHz 
(19M 
bits/sl 
clock 
from 
its input 
to its 
output. 
These 
data 
rates are achieved 
with common-mode 
noise voltage 
rejection 
in excess of that 
provided 
by most 
types of line receivers at all frequencies. 


The 
information 
contained 
in this application 
note covers 
the performance 
of optocoupler 
line receiver circuits; 
how- 
ever, 
it does 
not 
describe 
design 
details. 
These details 
are 
covered 
in Application 
Note 947 "Digital Data Transmission 
Using Optically 
Coupled 
Isolators". 


This application 
note describes 
the basic design elements 
of 
a data 
transmission 
link and presents 
several 
examples 
of 
total 
systems 
that 
will 
be useful 
to systems 
designers 
at 
distances 
that 
range from 
1 ft. to 300 ft. and have a mod- 


erate 
overall 
cost. 
First, 
a few 
measures 
of performance 
are 
defined 
to 
allow 
systems 
to 
be compared 
with 
one 
another. 
Second, 
the 
elements 
of 
an 
optocoupler 
data 
transmission 
system 
are discussed. 
Third, 
circuit 
examples 
and demonstrated 
performance 
of a selected 
set of systems 
are 
presented 
for the 
various 
transmission 
distances. 
This 
presentation 
includes 
schematics, 
representative 
waveforms 
at intermediate 
circuit 
points, 
and a summary 
performance 
table. 
It compares 
the 
results 
of passive 
(resistive) 
termi- 
nations 
with 
active 
terminations 
that 
improve 
overall per- 


formance 
at the longer transmission 
distances. 
Fourth, 
the 
trade-ofts 
that 
were 
made 
to arrive at the selected 
system 
components 
are described. 
Along with the trade-ofts, 
there 
is a discussion 
of approaches 
to increase 
performance 
by 
selection 
of other 
circuit 
components 
or by "peaking" 
a 
given length system. 


In data transmission 
systems that utilize optocouplers, 
there 
are no standardized 
definitions 
that allow performance 
capa- 
bility 
to be specified. 
The major performance 
parameters 
that are of interest 
are data rate capability, 
usually specified 
in bits per second; and immunity 
to common 
mode noise at 
the coupler 
input, 
usually 
specified 
as AC or DC common 
mode 
voltage 
rejection 
in volts, 
or transient 
voltage 
noise 
rejection 
in volts/microsecond. 


To arrive at a definition 
of maximum 
data 
rate capability 
requires 
that 
the 
total 
system 
be specified 
including 
all 
components, 
and 
in 
addition, 
data 
modulation 
and 
de- 
modulation 
techniques. 
In order 
to compare 
the 
various 
systems 
presented 
in the application 
note, it is necessary 
to 
define some useful terms. 


One commonly 
used modulation 
technique 
for digital data 
data transmission 
is NRZ, or non-return-to-zero 
transmission. 
In the most common 
form of this technique, 
a twisted 
pair 
transmission 
line 
is driven 
by a balanced 
driver 
with 
an 
alternating 
plus or minus 
voltage 
signal. 
A number 
of in- 
tegrated 
circuits 
are available 
to provide 
the drive signals 
and create a straightforward 
design. 


One 
potential 
measu re of system 
performance 
for 
NRZ, 
and 
potentially 
other 
modulation 
techniques 
as well, 
is 


the 
measurement 
of the 
maximum 
50% duty 
cycle 
clock 


frequency 
that 
the 
system 
will pass. 
Since a clock repre- 


sents 
a total 
1/0 
and 
0/1 
transition 
each full cycle, 
this 
square 
wave provides 
two 
bits of data for each cycle. 
As 
the upper 
clock 
frequency 
limit of a system using couplers 


is reached, 
the 
duty 
cycle 
will change 
from 
50%. 
The 
MAXIMUM 
CLOCK 
DATA 
RATE 
is found 
by observing 
the 
system 
output 
as a function 
of a square 
wave input 
until 
the 
output 
distorts 
to a 10% duty 
cycle 
and multi- 
plying 
this 
frequency 
by two 
(two 
bits/cycle). 
At this 
input 
frequency, 
the system 
data 
rate 
is very close to its 
absolute 
maximum 
and any potential 
recovery 
of a signal 
at a higher data 
rate is impractical. 
A more detailed 
defini- 
tion of this term appears in the glossary. 


Another 
parameter 
indicative 
of the performance 
of a sys- 


tem is to measure the system transient 
response 
in its worst 
case condition. 
The step response of a transmission 
system 
using isolators 
is a function 
of the duty cycle and repetition 
rate. 
For NRZ, if this term is properly 
defined, 
it can indi- 
cate 
a worst 
case maximum 
data rate that the system will 
faithfully 
transmit, 
regardless 
of the combination 
of ones 
and zeroes in the data 
bit stFeam. 
This step response term 
will be referred 
to as the STEP TRANSIENT 
DATA RATE 
MAXIMUM. 
It assumes 
that 
the 
pulse propagation 
delay 
down 
the 
transmission 
line is essentially 
constant, 
and de- 


fines a data rate maximum 
at which a single bit of data in 
a stream 
of all zeroes and a one, or all ones and a zero may 
be successfully 
sent through 
the system. 
This is simulated 
by placing a very low frequency 
square wave input into the 
line. Then the circuit delay time from a pulse received at the 
end of the line until the system output 
makes a transition 
is 
measured. 
This delay time is a function 
of the cable output 
risetime 
and the 
delays experienced 
in the coupler 
and its 
associated 
circuitry. 
The 
specific 
delay 
times 
are called 
tpHL 
and tpLH, 
indicating 
delay 
times 
for a 1/0 and 0/1 
transition 
respectively. 
The 
STEP 
TRANSIENT 
DATA 
RATE 
MAXIMUM 
is defined 
as the 
inverse 
of tpLH 
or 
tPHL, 
whichever 
is longer. 
In general, 
this data 
rate will 
be lower 
than 
the 
MAXIMUM 
CLOCK 
DATA 
RATE. 
A 
more 
exact 
definition 
of tpHL, 
tPLH 
and STEP TRAN- 
SIENT DATA RATE appears in the glossary. 


The 
parameters 
used to define 
worst-case 
common 
mode 
noise immunity 
are measured 
for the coupler 
and associated 
circuitry 
without 
the 
transmission 
cable. 
The 
common 
mode 
voltage 
rejection 
is a function 
of frequency 
and 
indicates 
the maximum 
AC steady state signal voltage com- 


mon to both 
inputs 
and output 
ground that will not create 
an error in the output. 
This rejection 
reaches a minimum 
at 
some 
frequency. 
The transient 
voltage noise immunity 
is 


a measure 
of the maximum 
rate of rise (or fall) that can be 
placed 
across 
the 
common 
input 
terminals 
and 
output 
ground 
without 
producing 
an error 
voltage 
in the output. 
This term 
is a function 
of the input 
pulse magnitude 
and 
rate 
of 
rise for 
an optocoupler 
and 
is stated 
as a dv/dt 


minimum 
in volts 
per 
microsecond. 
Further 
definitions 
of these 
terms 
appear 
in the glossary. 
It should 
be noted 
that 
common 
mode 
characteristics 
of 
such 
systems 
are 
largely determined 
by the 
point 
at which 
the noise enters 
the 
transmission 
system. 
Common 
mode 
rejection 
for a 
total 
system 
would 
be expected 
to improve with increasing 
distance between 
the common 
mode insertion 
point and the 
input 
to optocoupler. 


ELEMENTS OF AN OPTOCOUPLER 
DATA TRANSM ISSION SYSTEM 


The basic elements 
of an optocoupler 
transmission 
system 
are: 
o Line Driver 
o Transmission 
Cable 
o Line Termination 
Circuit 
o Optocoupler 
o TTL Interface 
Circuit 


In order that 
the performance 
of systems using the 6N 135- 


6N 137 
optocouplers 
might 
be demonstrated, 
component 
elements 
had 
to 
be defined 
for 
several 
systems. 
These 
elements 
are 
chosen 
to 
be TTL compatible 
at the 
input 
and 
the 
output. 
They 
are 
also chosen 
to produce 
high 
performance, 
be moderate 
in cost, 
and work over a range 
of distances 
of one foot to 300 feet. 
This can then 
maxi- 
mize the utility 
to systems 
designers of the circuits 
demon- 


strated, 
thus 
allowing 
them 
to be used without 
change 
in 
a variety 
of specific 
applications 
to produce 
a known 
level 
of performance. 


CIRCUIT 
EXAMPLES AND 
DEMONSTRATED 
PERFORMANCE 


To 
reduce 
the 
number 
of complete 
systems 
upon 
which 
performance 
is demonstrated 
to a practical 
number, 
a basic 
representative 
set of elements 
must be selected 
or designed. 


This includes 
a single line driver and cable type with perfor- 
mance measurements 
taken at three transmission 
distances 
- 
1 ft., 
100 ft., and 300 ft. 
It also includes two termination 
types, 
active and passive, and three 
types 
of couplers 
with 
companion 
TTL interface 
circuits. 
This produces 
six total 
data transmission 
systems upon which data rate performance 
can be observed 
at the three transmission 
distances. 
Figure 


1 illustrates 
the line driver and cable combination 
selected. I 
Figure 
2 illustrates 
the 
pulse 
response 
of this driver/cable 
_:: 
combination. 
Figures 3 through 
8 indicate 
the line termi- 


nation, 
coupler, 
and TTL interface 
circuitry 
for the various 
terminations. 
Included 
are representative 
waveforms 
mea- 


sured on the three passive termination 
systems at the 300 ft. 
transmission 
distance. 
Table 
1 outlines 
the critical 
para- 


meters 
of the cable used and Tables 
2, 3, and 4 summarize 
the 
performance 
demonstrated 
on all of the 
transmission 
systems. 


The performance 
tabulated 
for the 1 ft. transmission 
length 
is indicative 
of that 
which 
might be achieved 
by a system 
with negligible 
performance 
degradation 
in the cable. 
The 
performance 
at 100 ft. and 300 ft. indicates the decrease 
in 
data 
rate due to cable 
losses as the transmission 
distance 
increases. 
This decrease 
is the most critical data rate limita- 
tion and is indicative 
of the change 
in performance 
of sys- 
tems 
using low cost cable. 
Clearly evident 
in the tables 
is 
the increase 
in performance 
of the active termination 
at the 
300 ft. transmission 
distarke. 
Note also that the data rate 
of the system 
utilizing 
the 6N137 
at short transmission 
dis- 
tances 
is less with the active than with the passive termina- 
tion. 
This decrease 
is due to the additional 
delay added by 
the active termination. 


These 
performance 
tables 
can 
be used to select 
a design 
suitable 
for an application 
required 
by a system 
designer. 
For 
example, 
assume 
it is desired 
to design 
a data 
trans- 
mission 
system 
of variable 
lengths 
up to 100 ft. and data 
rates of up to 1.6 Mbits/s. 
The circuit 
shown 
in Figure 4 
and the 
line driver 
and cable 
shown 
in Figure 
1 could 
be 
selected to assure this level of performance. 


SELECTION 
OF DEMONSTRATION 
CIRCUIT 
ELEMENTS 


The 
foregoing 
systems 
exemplify 
achievable 
performance 
and 
incorporate 
a number 
of design 
decisions 
which 
are 
discussed 
in this section. 


Line Drivers generate 
the signal that 
is sent down the trans- 
mission 
line. 
They 
have limits as to voltage swing, output 
impedance, 
and switching 
time. 
A good compromise 
is pro- 
vided by National 
Semiconductor's 
OM 8830. 
Any similar 
device 
with 
a low output 
impedance 
such as the Fairchild 
9614 
would 
operate 
satisfactorily. 
These devices are TTL 
input 
compatible, 
require 
no 
external 
components, 
are 
relatively 
inexpensive 
and readily 
available. 
They 
provide 
adequate 
performance 
and 
produce 
directly 
a dual 
rail 
(inverting and non-inverting) 
output. 


For systems 
requiring 
higher data rates, more sophisticated 
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and expensive 
drivers can be selected 
or designed. 
Figure 9 
illustrates 
a circuit 
that 
has a higher 
current 
output 
and 
produces 
a higher 
data 
rate than 
an integrated 
driver. 
It 


uses several 
components, 
but 
does 
not 
require 
a supply 
voltage 
above 
the 
standard 
TTL 5 volts. 
To obtain 
still 
higher 
data 
rates, 
the driver 
line voltage 
output 
must 
be 
increased. 
This in turn 
requires 
a supply 
voltage 
above 5 
volts. The National 
Semiconductor 
LH 0002C is an example 
of an integrated 
circuit that can be used to produce 
directly 
a higher 
line voltage. 
Numerous 
other 
discrete 
circuits 


could be designed. 


Transmission 
cables 
are very critical 
in the overall system. 
They 
can decrease 
the 
effect 
of extraneous 
noise voltages 
on system 
performance 
by providing 
shielding. 
They also 
greatly 
affect 
the 
signal losses as the 
transmission 
length 
increases. 
By controlling 
these 
losses, cables 
can permit 
a single set of system 
elements 
to function 
adequately 
for 
both 
long and 
short 
transmission 
distances. 
The critical 
performance 
parameters 
of 
a transmission 
cable 
include 
cost, 
transmission 
length, 
line series resistance 
(DC losses). 


high 
frequency 
losses, type 
and amount 
of shielding 
and 
characteristic 
impedance. 


The Belden type 8777 
is representative 
of a relatively 
well- 


shielded, 
inexpensive 
cable 
with 
typical 
transmission 
loss. 


The important 
characteristics 
of this cable are summarized 
in Table 1. 


If it is desired 
to attain 
higher performance, 
the line cost 
becomes considerably 
more expensive and tends to dominate 


system costs. These higher performance 
cables utilize a large 
conductor 
size to lower DC losses, and provide considerably 
lower losses at high frequencies. 
Examples 
of such a cable 
would 
be Belden 
9269 
(IBM 32392), 
Belden 
9250 
or their 
equivalents. 


The 
pulse response 
of the OM 8830 
and the Belden 8777 


illustrates 
the waveform 
degradation 
of signals sent down 
this 
driver/transmission 
line 
pair, 
regardless 
of 
the 
line 
receiver 
employed. 
Figure 
1 illustrates 
this circuit 
combi- 


nation, 
and Figure 2 illustrates 
the pulse waveform 
degrada- 


tion at 1 ft., 100 ft., and 300 ft. into a 68n 
equivalent 
load. 


Figure 2. Pulse Characteristics 
of the 
Selected Line Driver and Cable. 
Measurement 
Observed 
with 
a 68.0. 
Equivalent Termination at One, 100, 
and 300' Distances. All Waveforms 
are Line to Line Voltage. 
Time RefR 
erenced to zero feet. Note Time 
Delay and Waveform Degradation. 


The line termination 
circuit 
converts 
the voltage arriving at 


the end of the line to a current 
impulse to drive the coupler 


emitter 
diode. 
In 
these 
system 
examples, 
performance 


of both passive and active circuits was measured. 


A passive circuit 
consists 
of a set of resistors 
to match 
the 


line to its characteristic 
impedance 
and to convert 
the line 


voltage to a current. 
The circuits 
illustrated 
here were de- 


signed to provide 
good 
performance 
at 300 ft., while not 


exceeding 
the coupler 
input 
drive current 
maximum 
at the 


1 ft. line length condition. 
With this design criterion, 
these 
circuits 
are 
useful 
over 
this 
range 
of transmission 
cable 


lengths. 
These design characteristics 
required 
that two resis- 
tive line termination 
circuits 
be designed for the three isola- 


tors. 
They are illustrated 
in Figures 3, 4, and 5. 


An improvement 
in the performance 
of a resistive termina- 


tion 
can be obtained 
by peaking 
the 
line to operate 
at a 


specific length as shown in Figure 10. This technique 
allows 


the coupler 
to operate 
from the peak to peak voltage at the 


end of the line. To avoid overdriving 
the coupler, 
the peak- 


ing capacitor 
value must be minimized. 
It is chosen 
by ob- 


serving 
the 
circuit 
delay 
time 
tpLH 
and 
selecting 
the 


smallest 
value of capacitor 
that significantly 
decreases 
this 


delay. 
With this technique, 
performance 
can be expected 


to improve 
by as much as 20-30% or more, 
but the values 


of peaking 
capacitor 
tend to vary with many of the charac- 


teristics 
of components 
in all of the elements 
of the system. 


These include 
driver output 
voltage, 
line length, 
line losses, 
coupler 
delay, 
etc. 
This 
in turn 
requires 
each 
individual 


system 
to have a selected 
value 
of peaking 
capacitor. 


An active 
termination 
utilizes 
a transistor 
to act as a line 
voltage 
to coupler 
input 
current 
regulator. 
This technique 
ignores any attempt 
to match the line, but instead 
converts 
any incoming 
voltage to a suitable 
current, 
once the circuit 
threshold 
voltage 
is exceeded. 
This 
tends 
to 
decrease 
circuit 
sensitivity 
to line length and other 
line voltage varia- 


tions. 
The· delay of an active circuit can limit the maximum 
system data rate, especially 
for short transmission 
distances. 


But, 
in general, 
their 
use can improve 
the maximum 
data 
rate at the 
longer distances. 
In the system 
examples, 
two 
active termination 
circuits 
were designed and are illustrated 
in Figures 6, 7 and 8. 


Improving 
the performance 
of the active circuit 
consists of 
finding transistors 
and circuit designs to perform 
the voltage 
to input current 
regulation 
function 
without 
limiting overall 
system performance. 


OUTPUT TO TTL INTERFACE 


The 6N 136 and 6N 137 have sufficiently 
high input to out- 
put coupling 
efficiency 
(CTR) that the only component 
re- 
quired 
to interface 
the optocoupler 
to a TTL input gate is a 
pull-up 
resistor. The 6N 135 has a somewhat 
lower CTR and 
requires 
an external 
transistor 
and resistor to interface 
with 
a TTL gate input. The actual circuit configuration 
and values 
required 
for these 
interface 
circuits 
are illustrated 
in Fig- 


ures 
3 through 
8. 
The circuits 
illustrate, 
in general, 
the 
optimum 
interface 
for a TTL-TTL 
compatible 
circuit. 
Per- 


formance 
could 
be 
improved 
through 
the 
use of 
lower 
pull-up 
resistor values in the coupler 
output 
collectors 
and 
high speed TTL compatible 
comparators. 


• 
Three sets of two conductor, 
twisted 
and individually 
foil shielded, 
22 gauge wire 
I 


1. DATA 
RATE - This term 
is typically 
stated 
in bits per 
second 
and has no standardized 
definition 
when used in 
reference 
to optocouplers. 
It is related 
to the minimum 
pulse transition 
time 
that 
will be passed by the system 
and detected. 
This in turn is related to the distortion 
or 
change 
in duration 
the 
pulse experiences 
upon 
passing 
through 
the system. 


2. STEP 
TRANSIENT 
DATA 
RATE 
MAXIMUM - This 
term, 
stated 
in bits per second, 
is a function 
of the maxi- 
mum 
delay 
experienced 
by a 0/1 or a 1/0 transition 
in 
passing through 
theooptocoupler. 
The step transient 
data 
rate maximum 
is defined 
as: 


STEP TRANSIENT 
DATA RATE (MAX); 
1 
1 
-- 
or-- 
tPHL 
tpLH 
whichever 
is smaller. 
Where tPLH 
and tpH L are mea- 
sured at the coupler 
termination 
input 
(end of the line) 


and the TTL output 
and are defined 
as follows: 


VOLTAGE 
INTO 
TERMINATION 
AT THE 
END OF 
THE 
LINE, 
VAB 


The 
tpHL 
and tPLH 
measured 
under 
these 
conditions 
approach 
the maximum 
delay that will be experienced 
by 
data sent through 
the isolator. 


3. MAXIMUM 
CLOCK 
DATA 
RATE - This term defines 
the maximum 
data rate at which a 50% duty cycle square 
wave (clock) 
will be distorted 
to a 90"Ml 0% pulse. 
It is 


very close to the maximum 
alternating 
1/0 and 0/1 tran- 
sition 
that 
can be passed 
by the 
system. 
It is defined 
mathematically 
as: 
1 
MAXIMUM CLOCK DATA RATE ;- 
t1 
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4. COMMON MODE REJECTION 
VOLTAGE 
- This term 
is defined 
as the maximum 
sinusoidal 
voltage 
at a given 
frequency 
that 
can be applied 
simultaneously 
to both 
inputs with respect to output 
ground 
and not produce 
an 
error 
signal in the 
system 
output. 
In optocouplers, 
the 
value of this voltage 
is very high at low frequencies 
and 
decreases 
with 
increasing 
frequency 
until 
it reaches 
a 
minimum. 
The effect 
is caused 
by the effective 
inter- 
circuit 
capacitance 
of the 
emitter 
and detector 
chips, 


and the detector 
gain and bandwidth. 
(See Figure 
11.) 


5. COMMON MODE dv/dt 
REJECTION 
MINIMUM - This 
term is defined 
as the maximum 
rate of change of voltage 
that 
can be applied 
to both 
inputs 
simultaneously 
with 
respect 
to output 
ground 
and 
not 
produce 
an error 
in 
the system output. 
Note that this parameter 
is a function 
of the duration 
of the change, 
or equivalently 
the pulse 
amplitude. 
The 
stated 
values 
in this application 
note 
are for a 10V step pulse amplitude 
generated 
by a source 
having a controlled 
risetime and falltime (e.g., HP 80078). 


(See Figure 11.) 
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Transmission 
Step 
Translen~ 
Clock 
Data 
w_Case 
Termination 
Distance 
tpLH 
tpHL 
Data Rate Max. 
Rata 
Max. 
Common 
Mode Noise Rejection 


(ft) 
Insl 
(nsl 
1Mbits/51 
IMbitsisl 
Sinusoidal 
dV/dt 


RESISTIVE 
1 
475 
500 
2.0 
11.2 
•• 10kHz: 
250VI,.. 
min. 
(PASSIVEI 
100 
900 
425 
1.1 
3.0 
5.0kV 
pk-pk 
Fig. 3 
300 
1700 
300 
0.6 
0.8 
lMHz: 
84V 
ACTIVE 
1 
500 
330 
2.0 
5.3 
pk-pk min. 


Fig. 6 
100 
580 
270 
1.7 
4.0 


300 
875 
330 
1.1 
1.6 
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Illustration of Max. Clock Data Rate 
Waveforms. Horizontal 200 ns/div. 


Transmission 
Step Transient 
Clock Data 
Worst C_ 
Distance 
tpLH 
tpHL 
Data Rate Max. 
Rate Max. 
Common Mode Noise Rejaction 


(ft) 
(ns) 
(nsl 
(Mbitsls) 
(Mbits/.1 
Sinusoidal 
dV/dt 


RESISTIVE 
1 
320 
270 
2.7 
10.0 
<;10kHz: 
250V/lJs min. 
(PASSIVE) 
100 
640 
265 
1.6 
4.0 
5.0kV 
pk-pk 
Fig. 4 
300 
1200 
220 
0.8 
1.2 
lMHz: 84V 
ACTIVE 
1 
375 
250 
2.7 
6.6 
pk-pk min. 


Fig. 7 
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Transmission 
Step Trensient 
Clock Deta 
Worst Case 


Distance 
tpLH 
tpHL 
Deta Rate Max. 
Rete Mall. 
Common Mode Noise Rejection 


(ftl 
(ns) 
(nsl 
(Mbits/s) 
(Mbitslsl 
Sinusoidal 
dV/dt 


RESISTIVE 
1 
105 
70 
9.5 
19.0 
<10kHz: 
40V/v.smin. 
(PASSIVE) 
100 
170 
70 
5.8 
8.0 
5.0kV 
pk-pk 
300 
625 
70 
1.6 
2.0 
8MHz: 22V 
ACTIVE 
1 
190 
65 
5.3 
11.0 
pk-pkmin. 


100 
190 
70 
5.3 
13.2 


300 
275 
80 
3.9 
8.2 
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Figure 9. High Output 
Voltage Swing. High Current. Wide 
Bandwidth 
Line Driver that Oparates From a 5 Volt Supply 
and Produces a >8.5V 
Pk to Pk Pulse into 300 Ft. of Belden 
8777 
at 10 MHz. 


Figure 10. 
An Example of Circuit Peaking to Improve the 
Performance 
of the Passive Termination. 
C1 is Chosen for 
the 


Minimum Value that Significantly 
Reduces Input to Output 


Delay Time. In General, C, Must be Selected Individually 
For Each System. 
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Applications for low Input Current 
High Gain Optocouplers 


Optically 
coupled 
isolators 
are useful 
in applications 
where 
large common 
mode signals are encountered. 
Examples 
are: 
line 
receivers, 
logic isolation, 
power 
lines, medical 
equip- 


ment and telephone 
lines. This application 
note has at least 
one example 
in each of these areas for the 6N 138/9 
series 
high CTR couplers. 


HP's 
6N138/9 
series 
couplers 
contain 
a high 
gain, 
high 
speed photodetector 
that provides a minimum 
current 
trans- 


fer ratio 
(CTR) 
of 300% at input 
currents 
of 1.6 mA for 
the 6N 138 and 400% at 0.5 mA for the 6N139. 
The excel- 


lent low input current 
CTR enables these devices to be used 
in applications 
where 
low power 
consumption 
is required 
and those 
applications 
that 
do not provide 
sufficient 
input 
current 
for 
other 
couplers. 
Separate 
pin connections 
for 
the 
photodiode 
and 
output 
transistor 
permit 
high speed 
operation 
and TTL compatible 
output. 
A base access termi- 


nal allows a gain bandwidth 
adjustment 
to be made. 


• 
2600V 60Hz Common Mode Rejection 


• 
Allows use of Low Cost Line 


• 
Full 40kbl Data Rate for Line Lengths 
up to 5000' 


• 
Hysteresis for Increased Noise Immunity 


·ANTtpARALtEL 
DtODE 
IS NEEDEO 
ONLV 
IF REVERSE 
LINE 
VOLTAGE 
EXCEEOS 
t&V 
ITO PREVENT 
HIGH REVERSE 
VOLTAGE FROM CAUSING POWER OISSIPATION IN EXCESS 
OF INPUT DIODE MAXIMUM RATINGI. 


• 
Operation at IF ;;;'O.5mA 


• 
10kHzfMAX 
• 
Low Power Consumption 


fMAX 
IS THE 
FREQUENCV 
AT WHICH 
A 60% DUTY 
FACTOR 
AT 
THE 
INPUT 
IS DEGENERATED 
TO 
10% OR _ 
DUTY 
FACTOR 


AT 
THE 
OUTPUT. 
• 


• 
1-8 Receivers can be used with circuit 
shown 


• 
Uses conventional 
IC Line Driver 


• 
Total 
Line Length 
1-300' 


• 
Typical 
Data 
Rate -180kbs 
(tpHL, tpLH = 3t/sec) 


• 
Allows use of Low Cost Line 


I" 
UP TO 300 
FT 
22 GA TW. PR. SHIELDED 
~ 


~~ 


I 
TERMINATION 
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3-------- 
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~ 
:9n 


x 
x 
x 
x 
x 
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y 
y 
y 
y 
y 
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ISOLATOR 
LOADS 
MAY 
BE DISTRIBUTED 


RANDOMLY 
ALONG 
THE 
LENGTH 
OF 
THE 


LINE. 
OR 
ALL 
MAYBE 
LUMPED 
AT 
THE 
~~~~o 
:~~;:~g:,~~L~~~:E~~I~~~ 
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• 
Discriminate. 
hetween 
Ring and Dial 


Signals 


• 
Minimal 
Line Loading 


• 
2500V 
Insulation 
from Telephone 
Line 
• Small Size 
• Integrator 
Included 
lOOk 
O.02J,lF 
.-sv 
R 1-)_ 


-48VDC 
22Mi! 


lOOk 
lN914 
r..-I 


VOIlI 


• 
Direct 
Input 
and Output 
Compatibility 


• 
Adjustable 
Data Rate 


• 
High Fan-Out 


rL~ R1NCH) 
If{mA) 


2200 
1800 
17 


270 
390 


100 
180 
17 


'MAX (kHz) I 


40 
:: 
j 


1MAX 
IS THE 
FREQUENCY 
AT WHICH 
A 50% 


bury 
FACTOR 
AT THE 
INPUT 
IS DEGENERATED 
TO 
10% OR 90~ 
DUTY 
FACTOR 
AT 
THE OUTPUT 


• 
Obtain Maximum Speed at Required Gain 


• 
Single Resistor Required 


• 
Use same device for Multiple Applications 


Rxln) 
RLlnl 
ILlmA) 
fMAX 
1kHz) 


NONE 
'00 
46 
250 


820 
'000 
4.6 
650 


'M' xIS THE FREOUENCY 
AT WHICH 
A SO% 
DUTY fACTOR 
AT THE INPUT 
IS DEGENERATEa 
TO 10% Of _ 
DUTY 
FACTOR AT THE OUTPUT, 


• 
Drive with Standard TTl 
Buffer Gate 


• 
2500V 60Hz Common Mode Rejection 


• 
Allows use of low Cost Line 


• 
40kbs Data Rate 


• 
TTl 
Compatible OUtput 


• 
low Power Consumption 


• 
TTl 
Compatible Output 


• 
High Speed 


• 
Use for Power Turn On Anticipation 
Circuit, 117V line Monitor or Other 
High Voltage Sensing 


'Olllo2mA-- 
Va 


V{Vdc 
or Vrmsl 
Rs 
VeIF(mWI 


24 
47kn 
11 


48 
100kfl 
22 


'17 
220kn 
62 


230 
470kS1 
113 
• 


• 
Low '0_ 
Col1lumption 


• 
2600V 60Hz Isolation 


• 
Dis;tel or ANlog Opemlon 


BATIERY 
POWERED 
eQUIPMENT 


CONVENTIONAL DARLINGTON 


• 
No 81. Supply Required 


• 
Base Lead avellable for GainlBandwidth 
Adjust 


• 
Deta Retes of 2kbs 


tpLH 
l00"s 


'PHL 
3QO,4 


'PHL. 'pt.H OUTPUT 


REFERENCE·'.5V 
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Linear Applications of 
Optocouplers 


Optocouplers are useful in applications where analog or 
DC signals need to be transferred from one module to 
another in the presence of a large potential difference or 
induced noise between the ground or common points of 
these modules. 


Potential applications are those in which large trans- 
formers, expensive instrumentation amplifiers or compli- 
cated AID 
conversion schemes are used. Examples are: 
sensing circuits (thermocouples, transducers ...), patient 
monitoring 
equipment, 
power supply feedback, high 


voltage current 
monitoring, 
adaptive control systems, 
audio amplifiers and video amplifiers. 


HP's optocouplers have integrated photodetector/ampli- 
fiers with speed and linearity advantages over conven- 
tional 
·phototransistors. 
In 
a 
photo 
transistor, 
the 


photodetector 
is the 
collector-base 
junction 
so the 


capacitance 
impairs 
the 
collector 
rise 
time. 
Also, 
amplified 
photocurrent 
flows 
in 
the 
collector-base 


junction 
and modulates the photo-response, thereby 


causing 
non-linearity. 
The 
photodetector 
in 
an 
HP 


optocoupler 
is a separately 
integrated 
diode 
so its 
photoresponse is not affected by amplified photocurrent 
and its capacitance does not impair speed. Some linear 
isolation schemes employ digital conversion techniques 
(A/D-D/A, 
PWM, PCM, etc.) in which the higher speed of 


the integrated photodetector permits better linearity and 
bandwidth. 


The 6N135/6N136 is recommended for single channel AC 
analog designs. The HCPL-2530/31 is recommended for 
dual channel DC linear designs. The 6N135/6 
series or the 


6N137 series are recommended for digital conversion 
schemes. 


If the output transistor is biased in the active region, the 
current 
transfer 
relationship 
for 
the 
6N135 
series 


optocoupler can be represented as: 


IF 
Ic=K(I;)n 


where Ie is the collector current; IF is the input LED 
current; IF' is the current at which K is measured; K is the 
collector current when IF= IF';and n istheslopeof levs.IF 
on logarithmic coordinates. 


The exponent n varies with IF,but over some limited range 
of "IF, n can be regarded as a constant. The current 
transfer relationship for an opto isolator will be linear only 
if n equals one. 


For 
the 
6N135 
series 
optocoupler, 
n 
varies 
from 
approximately 
2 at input currents 
less than 5mA to 
approximately 1 at input currents greater than 16mA. For 
AC coupled applications, 
reasonable linearity can be 
obtained with a single optocoupler. The optocoupler is 
biased at higher levelsof input LEDcurrent where the ratio 
of incremental photodiode current to incremental LED 
current (aJololF) 
is more nearly constant. 


For better linearity and stability, 
servo or differential 
linearization techniques can be used. 


The servo Iinearizer forces the input current of one opto- 
coupler to track the input current of the second opto- 
coupler by servo action. Thus, if n1=n2over the excursion 
range, the non Iinearities will cancel and the overall 
transfer 
function 
will 
be 
linear. 
In 
the 
differential 
linearizer, an input signal causes the input current of one 
optocoupler to increase by the same amount that input 
current 
of the second optocoupler 
is decreased. If 
n2=n2=2,then a gain increment in the first optocoupler will 
be 
balanced 
by 
a 
gain 
decrement 
in 
the 
second 
optocoupler 
and the overall transfer function 
will be 
linear. With these techniques, matching of Kwill not effect 
the overall linearity of the circuit but will simplify circuit 
realization by reducing the required dynamic range of the 
zero and offset potentiometers. 


Gain and offset stability overtemperature is dependent on 
the stability of current sources, resistors, and the opto- 
coupler. 
For the servo technique, changes of Kover 
temperature will 
have only a small effect on overall 
gain and offset as long as the ratio of Kl to K2remains 
constant. With the differential technique, changes of K 
over temperature will cause achange in gain of the circuit. 
Offset will remain stable as long as the ratio of KI to K2 
remains constant. In the AC circuit, since (010101 F)varies 
with temperature, the gain will also vary with temperature. 
A thermister can be used in the output amplifiers of the 
Differential and AC circuits to compensate forthis change 
in gain over temperature. 


There are also several digital techniques to transmit an 
optocoupler analog signal. Optocouplers can be used to 
transmit a frequency or pulse width modulated signal. In 
these applications, 
overall circuit 
bandwidth is deter- 
mined by the required linearity as well as the propagation 
delay of the optocoupler. The 6N137 series optocoupler 
features propagation delays typically less than 50ns and• 


the 
6N135 
series 
optocoupler 
features 
propagation 
typically less than 300ns. 


In several places the circuits shown call for a current 
source. They can be realized in several ways. If Vcc is 
stable, the current source can be a mirror type circuit as 
shown in Figure 1. 
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If Vcc is not stable, a simple current source such as the 
ones shown in Figure 2 can be realized with an LED as a 
voltage reference. The LED will approximately compen- 
sate the transistor 
over temperature since t1V",/C!.T"" 


t1VF/t1T= -2mVI"C: 
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SERVO ISOLATION AMPLIFIER 


The servo amplifier shown in Figure 3 operates on the 
principle that two optocouplers will track each other if 
their 
gain changes by the same amount 
over some 
operating region. U2compares the outputs of each opto- 
coupler and forces IF2 through 
02 to be equal to IF' 
through D,. The constant current sources bias each IF at 
3mA quiescent current. R, has been selected so that IF' 
varies over the range of 2mA to 4mA as V,Nvaries from 
-5V 
to +5V. R, can be adjusted to accommodate any de- 
sired range. With V'N=O,R2, is adjusted so that VOUT=O. 
Then with V,Nat some value, R4can be adjusted for a gain 
of 1. Values 
for R2 and R4 have been picked for a worst 
case spread of optocoupler or current transfer ratios. The 
transfer function of the servo amplifier is: 


r. 
] 
VIN 
n, 
VOUT = R4 lee2 L(l 
+ x) n -1 . where x::: R, 
Ice, 
• n = n; 


The non linearities in the transfer function where n 1 ,en2 
can be written asshown below. For example, iflxl :;;;.35,n = 
1.05, then the linearity error is 1% of the desired signal. 


[' ]"' 


Ie =~2 
, 
"" 


Typical Performance for the Servo Linearized 
DC Amplifier: 


1% linearity for 10V p-p dynamic range 
Unity voltage gain 
25 kHz bandwidth (limited by U" U,) 
Gain drift: -.03%I"C 
Offset drift: ±1 mVI"C 
Common mode rejection: 46dB at 1 kHz 
500V DC insulation (3000V 
if 2 single couplers are used) 


DIFFERENTIAL 
ISOLATION AMPLIFIER 


The differential amplifier shown in Figure 4 operates on 
the principle that an operating region exists where a gain 
increment 
in one optocoupler 
can be approximately 


balanced by a gain decrement in the second optocoupler. 
As I" increases due to changes in V,N, I" decreases by an 
equal amount. If n, = n, = 2, then the gain increment 
caused by increases in I" will be balanced by the gain 
decrement caused by decreases in I". 
The constant 
current source biases each IFat 3mA quiescent current. R, 
and R2 are designed so that IF varies over the range of 
2mA to 4mA as V,N varies from -5V to +5V. R, and R, can 
be adjusted to accommodate any desired dynamic range. 
U, and U. are used as a differential current amplifier: 
VOUT= Rs [(R31R41ICI- IC21 


Rj, R•. R, have been picked for an amplifier with again of 1 
for a worst case spread of coupler current transfer ratios. 
The transfer function of the differential amplifier is: 


VOUT= Rs[(K~4R~)(2'~F\r 
(, + RV:~J'- 
K2(2'TF\t 
(, - R~~ctJ 


ifR=R1=R2 


The non linearities in the transfer function when n 1 #- n2#- 
2 can be written as shown below. For example. if Ixl ,;;;.35. 
nl = 1.9, n2 = 1.8. then the linearity error is 1.5%of the 
desired signal. 


linearity 
error 
(1 + xl"' 
- 
(1 - x)n2 
- 
(n1 + "2) x 
where x = ~ 
desired signal 
(n1 + n2) x 
Rice 


Typical Performance of the Differential Linearized 
DC Amplifier: 


3% linearity for 10V p-p dynamic range 
Unity voltage gain 
25 kHz bandwidth (limited by U" U,. U3• U.) 
Gain drift: -.4%/"C 
Offset drift: ±4mV/"C 
Common mode rejection: lOdB at 1 kHz 
3000V DC insulation 


In an AC circuit, since there is no requirement for a DC 
reference, a single optocoupler can be utilized by biasing 
the optocoupler in a region of constant incremental CTR 
(ol%IF). 
An example of this type of circuit is shown in 
Figure 5. 0, is biased by R" R, and R1 for a collector 
quiescent current of 20mA. R3 is selected so that IF varies 
from 
15mA to 25mA for V'N of 1V p-p. Under these 


operating 
conditions, 
the 6N136 operates in a region 
of almost constant incremental CTR. Linearity can be 
improved 
at the expense of signal-to-noise 
ratio 
by 
reducing 
IF excursions. This can be accomplished 
by 
increasing R3• then adding a resistor from the collector of 
0, to ground to obtain the desired quiescent IF of 20mA. 
0, and 03 form a cascade amplifier with feedback applied 
through R. and R,. R, is selected as V",/13with 13selected 
for maximum gain bandwidth product of 03• R7 is selected 
to allow maximum excursions of VouTwithout clipping. R, 
provides DC bias to 03• Closed loop gain (tJ.VOUT/ 
!!"v'N)can 
be adjusted with R•. The transfer function of the ampli,fier 
is: 


Typical Performance of the Wide Bandwidth 
AC Amplifier: 


2% linearity over 1V p-p dynamic range 
Unity voltage gain 
10 MHz bandwidth 
Gain drift: -.6%/oC 
Common mode rejection: 22dB at 1 MHz 
3000V DC insulation 


Digital conversion techniques can be used to transfer anI 
analog signal between two isolated systems. With these 
._.: 
techniques. 
the analog signal is converted 
into some 
digital form and transmitted through the optocoupler, 
This digital information 
is then converted back to the 
analog signal at the output. Since the optocoupler is used 
only as a switch, the overall circuit linearity is primarily 
dependent on the accuracy by which the analog signal 
can be converted into digital form and then back to the 
analog signal. However, the overall circuit bandwidth is 
limited 
by the propagation delays of the optocoupler. 


Figure 6 shows a pulse width modulated scheme to isolate 
an analog signal. The oscillator 
operates at a fixed 
frequency, f, and the monostable multivibrator varies the 
duty factor of the oscillator 
proportional 
to the input 
signal, 
V1N• 
The 
maximum 
frequency 
at which 
the 
oscillator can be operated is determined by the required 
linearity of the circuit and the propagation delay of the 
opto isolators: 


(tmax- tmin) (required linearity) ;;'ltPLH - tPHLI 


At the output, the pulse width modulated signal is then 
converted back to the original analog signal. This can be 


accomplished with an integrator circuit followed by a low 
pass filter or through some type of demodulator circuit 
that gives an output voltage proportional to the duty factor 
of the oscillator. 


Figure 7 shows a voltage to frequency conversion scheme 
to isolate an analog signal. The voltage to frequency 
converter gives an output frequency proportional to V1N. 
The maximum frequency that can be transmitted through 
the optocoupler is approximately: 


fmax"".!, wheret = tPLH or tpHL. whichever is larger. 
t 


At the output, the frequency is converted back into a 
voltage. The overall circuit linearity is dependent only on 
the linearity of the V-F and F-V converters. 


Another scheme similar to voltage to frequency con- 
version is frequency modulation. A carrier frequency, f., is 
modulated by Ilf such that f. ± Ilf is proportional to V1N• 
Then at the output, VOUT is reconstructed with a phase 
locked loop or similar circuit. 


One further scheme to isolate an analog signal is to use 
A-D and D-A converters and transfer the binary or BCD 
information through optocoupler. The information can be 
transmitted through the optocoupler in parallel or serial 
format depending on the outputs available from the A-D 
converter. If serial outputs are not available, the A-D 
outputs can be converted into serial form with a PISOshift 
register 
and 
transmitted 
through 
one 
high 
speed 
optocoupler. This scheme becomes economical espec- 
ially where high resolution is required allowing several 
optocouplers 
to 
be replaced 
with 
one 
high 
speed 
optocoupler. Refer to HPApplication Note 947for further 
discussion of digital data transmission techniques. 
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Digital Data Transmission 
With the HP Fiber Optic System 


Fiber 
optics 
can 
provide 
solutions 
to 
many 
data 
transmission system design problems. The purpose of this 
application note is to aid designers in obtaining optimal 
benefits from this relatively new technology. Following a 
brief review of the merits, aswell asthe limitations, of fiber 
optics relative to other media, there is a description of the 
optical, mechanical, and electrical fundamentals of fiber 
optic 
data 
transmission 
system 
design. 
How 
these 
fundamentals apply is seen in the detailed description of 
the Hewlett-Packard system. The remainder of the note 
deals with techniques recommended for operation and 
maintenance 
of 
the 
Hewlett-Packard 
system, 
with 
particular attention given to deriving maximum benefit 
from the unique features it provides. 


In fiber optic cables, the signals are transmitted in the form 
of energy packets (photons) which have no electrical 
charge. Consequently, it is physically impossible for high 
electric 
fields 
(lightning, 
high-voltage, 
etc.) or large 
magnetic 
fields 
(heavy 
electrical 
machinery, 
trans- 
formers, 
cyclotrons, 
etc.) to affect the transmission. 
Although there can be a slight leakage of flux from an 
optical fiber, shielding 
is easily done with an opaque 
jacket, so signal-bearing fibers cannot interfere with each 
other or with the most sensitive electric circuits, and the 
optically-transmitted 
information 
is, therefore, 
secure 
from external detection. 
In some applications, 
optical 
fibers carry signals large enough to be energetically 
useful 
(e.g., 
for 
photocoagulation) 
and 
potentially 
harmful, but in most data communication 
applications, 
economy dictates the use of flux levels of 100/,W or less. 
Such levels are radiologically 
safe and in the event of a 
broken or damaged cable, the escaping flux is harmless in 
explosive environments where a spark from a broken wire 
could 
be disastrous. Jacketed fiber optic cables can 
tolerate more mechanical abuse (crush, impact, flexure) 
than electrical cables of comparable size; moreover, fiber 
optic cables have an enormous weight and sizeadvantage 
- 
for equivalent information 
capacity. Properly cabled 
optical fibers can tolerate any kind of weather and can, 
without ill-effect, be immersed in most fluids, including 
polluted air and water. 


Bandwidth considerations clearly give the advantage to 
fiber optics. In either parallel- or coaxial-wire cable, the 


bandwidth varies inversely as the square of the length, 
while in fiber optic cable it varies inversely as only the 
FIRST power of the length. Here are some typical values 
for length, £ , in metres: 


(1) fsdB= 12,~00 MHz for HFBR-3000/-3100 cables 


(2) fsdB= 225,000 MHz for typical 50n coax (RG-59) 


£2 


For example, if £ = 100m, the 3dB frequency 
is only 
22.5MHz for the coax cable, but for the fiber optic cable it 
is 120MHz. 


The limitations of fiber optics arise mainly from the means 
for producing the optical flux and from flux losses. While 
the power into a wire cable can easily and inexpensively 
be made several watts, the flux into a fiber optic cable is 
typically much less than a milliwatt. Wire cable may have 
several signal "taps"; multiple taps on fiber optic cables 
are economically impractical at present. 


The losses in a point-to-point 
fiber optic system are 
insertion loss at the input and output, connector loss, and 
transmission loss proportional to cable length. Variations 
in these losses require a receiver with a dynamic range 
capable of accommodating these variations and yet able 
to provide adequate BW (bandwidth) and SNR (signal- 
to noise) ratio at the lowest flux level. Fortunately, no 
noise is picked up by a fiber optic cable so the receiver 
SNR at any BW is limited only by the noise produced 
within the receiver. 


Fiber optics 
is not 
the 
best solution 
to every data 
transmission 
problem; but where safety, security, dur- 
ability, electrical isolation, noise immunity, size, weight, 
and bandwidth are paramount, it has a clear advantage 
over wire. 
• 


Flux coupled into an optical fiber is largely prevented from 
escaping through the wall by being re-directed toward the 
center of the fiber. The basis for such re-direction is the 
index of refraction, n" of the core relative to the index of 
refraction, n2, of the cladding. 


Index of refraction is defined as the ratio of the velocity of 
light in a given medium to the velocity of light in avacuum. 


As a ray of light passesfrom one medium into another of a 
different 
index 
of 
refraction, 
the 
direction 
changes 
according to Snell's Law: 


(3) n, sinlh = n2 sin/!2 
I-~-N-E-L-L-'S-L-A-W-I 


This is illustrated in Figure 1. Notice that the relationship 
between the angles is the same,whether the ray is incident 
from the high-index side (n,) or low-index side (n2). For 
rays incident from the high-index side, there is a particular 
incidence angle for which the exit angle is ninety degrees. 
This is called the critical angle. At incidence angles less 
than the critical angle, there is only a partial reflection, but 
for angles greater than the critical angle, the ray is totally 
reflected. This phenomenon is called TOTAL INTERNAL 
REFLECTION (TIR). 


Numerical Aperture. 


Rays within the core of an optical fiber may be incident at 
various angles, but TIR applies only to those rays which 
are incident at angles greater than the critical angle. TIR 
prevents these rays from leaving the core until they reach 
the far end of the fiber. Figure 2 shows how the reflection 
angle at the core/cladding interface is related to the angle 
at which a ray enters the face of the fiber. The acceptance 
angle, /!A,is the maximum angle, with respect to the fiber 
axis, at which an enterin9 ray will experience TIR. With 
respect to the index of refraction, 
no, of the external 
medium, the acceptance angle is related to the indices of 
refraction of the core and cladding. When the external 
medium is air (no ~ 1), the sine of the acceptance angle is 
called the NUMERICAL APERTURE (N.A.) of the fiber: 


(4) NUMERICAL APERTURE, N.A. = sin/!A 


The derivation in Figure 2 applies only to meridional rays, 
i.e., rays passing through the axis of the fiber; skew rays 
(non-meridional) 
can also be transmitted, 
and these 
account 
for 
the 
observation 
that 
the 
reception 
and 
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radiation patterns of optical fibers are not perfect step 
functions at the acceptance angle. For this reason, the 
practical definition of N.A. is somewhat arbitrary. 


Modes of Propagation 


Within the limits imposed by the N.A., rays may propagate 
at various angles. Those propagating at small angles with 
respect to the fiber axis are called LOW-ORDER MODES, 
and those propagating at larger angles are called HIGH- 
ORDER 
MODES. 
These 
modes 
do 
not 
exist 
as a 


continuum. At any given wavelength, there are a number 
of discrete angles where propagation occurs. SINGLE- 
MODE fibers result when the core area and the N.A. are so 
small that only one mode can propagate. 


In addition to high- and low-order modes, there are others, 
called LEAKY MODES, which are trapped as skew rays- 
partly in the core, but mostly in the cladding where they 
are called CLADDING MODES. As implied by the term, 
leaky modes do not propagate as well as the more nearly 
meridional modes; their persistence, depending mainly on 
the structure of the optical fiber, ranges from less than a 
metre to more than fifty metres. The presence of leaky 
modes will, of course, affect the results obtained 
in 


measurement of N.A. and transmission loss, making them 
both artificially 
high. For this reason, N.A. is usually 


specified in terms of the EXIT N.A. for a fiber of length 
adequate to assure that leaky modes have effectively 
disappeared. Since most leaky mode propagation is in the 
cladding, it can be "stripped." Such cladding mode strip- 
ping is done by surrounding the unjacketed fiber with a 
material having a refractive index higher than that of the 
cladding. 


EXIT N.A. is defined as the sine of the angle at which the 
radiation pattern (relative intensity vs. off-axis angle) has 
a particular value. This value is usually taken at 10%of the 
axial (maximum) value. 


Transmission Loss 


Regular core (non-leaky) modes also exhibit transmission 
losses. These are due to (1) scattering by foreign matter, 
(2) molecular (material) 
absorption, 
(3) irregularities 
at 
the core/cladding 
interface, and (4) microbending 
of the 
optical 
fiber by the cable structure. 
The first two loss 
mechanisms depend on the length of path taken by a ray; 
the third depends on the number of reflections of the ray 
before it emerges. It is clear from Figure 2 that the higher 
order modes have longer paths and more reflections with 
consequently 
higher 
loss. 
Larger 
N.A. fibers 
permit 
higher-order-mode 
propagation 
and, therefore, 
exhibit 
generally a higher transmission loss. Transmission loss is 
exponential and is, therefore, usually expressed in "dB per 
km." Coupling 
loss consideration 
usually favors larger 
N.A. 


The four main loss mechanisms for coupling 
between 
fibers or between fibers and the optical 
ports of other 
devices are: (1) relative N.A.'s, (2) relative areas, (3) relative 
index gradings of the optical ports, and (4) Fresnel (reflec- 
tion) loss. In addition to these, there may be coupling loss 
due to misalignment and/or separation of optical ports. 


Relative N.A. loss can be ignored (~zero dB) whenever the 
N.A. of the receiving port (fiber or detector) is larger than 
the N.A. of the source 
port 
(flux generator 
or fiber), 


otherwise: 


/51 N.A. LOSS 
dB 
20 I 
N.A. of Source Port 


I 
) = 
og N.A. of Receiver Port = aNA 


Relative area loss can be ignored whenever the area of the 
receiver port is larger than the area of the source port, 
otherwise: 


Diam. of Source 


AREA LOSS (dB 
= 20 log Diam. of Receiver = aA 


In applying equation (6) to coupling between singlefibers, 
the diameter to be used is the CORE DIAMETER. 


Relative index grading loss can be ignored whenever the 
index grading coefficient 
for the receiving port is larger 


than the index grading 
coefficient 
of the source port, 


otherwise: 
2 
1+ 
-aR 
(7) INDEX GRADING LOSS (dB) = 10 log --2- 


1+ 
-'as 


aR = index grading coefficient of the receiving port 


and 


as = index grading coefficient of the source port 


The index grading 
coefficient 
is described 
later under 
Construction 
of Fiber Optics. 


Fresnel loss occurs when a ray passes from one medium 
to another having a different index of refraction. Part of the 
flux is reflected; the fraction transmitted 
is described by 
the transmittance, 
T, so the loss is: 


nx = index of refraction of medium x 
ny = index of refraction of medium y 


It is clear from equation (8) that the loss is the same in 
either direction. 
If two fibers are joined with an air gap 
between their faces, taking nx = 1 for air and ny= 1.49 for 


the cores of the fibers, the fiber-to-air 
Fresnel loss is 
O.17dB.The air-to-fiber loss is the same, so the total airgap 
loss is 0.34dB. If several such connections are made, the 
loss could be high enough to make it worthwhile to use a 
coupling medium, such as silicone, to remove the air gap. 


The use of a coupling medium is more significant when a 
fiber is coupled to an LED or IRED source. These sources 
are usually of gallium 
arsenide, or related substances, 
with a refractive index of 3.6. With such a high index of 
refraction, 
the 
use of an epoxy 
cement 
can 
reduce 
coupling loss by approximately 
1dB. Figure 3 shows how 
the flux coupling is derived. 


At the receiving end, where the silicon of the detector has 
an index of refraction of nearly 3.6, the Fresnel loss is also 
very high. 


Fresnel losses at the emitter and detector surfaces can 
generally be ignored in designing systems with compo- 
nents having either connectors or pigtail fiber optic ports. 
This is possible because performance 
of such compo- 
nents is usually specified with reference to the external 
optical port so the internal Fresnel losses have already 
been taken into account. 


Rise Time Dispersion 


Bandwidth 
limitation 
in fiber 
optics 
is the result of a 
phenomenon called DISPERSION, which is a composite 
of MATERIAL dispersion and MODAL dispersion. Both of 
these relate to the velocity of flux transmission in the core. 
Velocity varies inversely as the index of refraction, and if 
the 
index 
of 
refraction 
varies 
over 
the 
wavelength 
spectrum of the source, the flux having a wavelength at 
which the refractive index is lower will travel faster than 
the flux having a wavelength at which the index is higher. 
Thus, 
all 
portions 
of the spectrum 
of flux 
launched 
simUltaneously 
will 
not arrive simultaneously, 
but will 
suffer time dispersion 
due to differences 
in travel time. 
This is MATERIAL DISPERSION. It is reduced by using 
sources of narrow spectrum (e.g., lasers) or fibers with a 
core index of refraction which is constant over the source 
spectrum. 
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In Figure 2. notice that rays moving parallel to the axis 
travel a path length which is shorter than that of rays which 
are 
not 
paraxial. 
Those 
rays 
propagating 
in 
the 
higher-order 
modes will. therefore, have a longer travel 
time than those in lower-order modes. and simultaneously 
launched rays will suffer dispersion of their arrival times. 
This is MODAL DISPERSION. It can be reduced by reduc- 
ing the N.A. (smaller acceptance angle) to allow only 
lower-order 
modes to propagate. or by using graded- 
index fiber. 


Whether the dispersion is material or modal (or both), it is 
measured, as shown in Figure 4. by applying an impulse of 
flux and measuring the 3dB pulse widths at the input and 
output of afiber long enough to exhibit significant disper- 
sion. Time dispersion is then defined as 


(9) RISE TIME DISPERSION 


..M. (ns/km) =...!..- 
ItP22- 
tp,2J05 
Q 
Q 


where 
Q is the length (in kilometers) of the fiber and tPl 
and tP2are the 3dB widths in nanoseconds (or FWHM) of 
the pulses into and out of the fiber. 


Modulation frequency response of a fiber has a 6dB per 
octave roil-off, so the effect of rise time dispersion can 
also be described in terms of a length-bandwidth product: 


(10) 3dB BANDWIDTH. 
LENGTH (MHz. km) = 


350 
DISPERSION (ns/km) 


Construction of Fiber Optics 


Fibers 
having 
a sharp 
boundary 
between 
core 
and 
cladding. as in Figure 2. are called STEP INDEX fibers. 
The reflection at the boundary is not a "zero-distance" 
phenomenon - 
the ray. in being reflected, is actually 
entering a minute distance into the cladding and there is 
some loss. This loss can be seen as a faint glow along the 
length of unjacketed lossy fibers carrying visible flux. To 
reduce such reflection loss, it is possible to make the rays 
turn 
less sharply by reducing 
the index of refraction 
gradually. rather than sharply, from core to cladding. A 
fiber of such a form is called a GRADED INDEX fiber and 
the rays propagate as shown in Figure 5. Graded index 
fiber has not only a very low transmission loss. but modal 
dispersion is also very low. Higher-order modes do travel 
longer paths, but in the off-axis. lower-index regions they 
travel 
faster 
so the 
travel 
time 
differential 
between 
high-order and low-order modes is nbt as large as it is in 
step index fibers. 


From the center of the core to the outer limit of the core 
(inner wall of the cladding) the grading of the index of 
refraction is described by the index grading coefficient. a, 
with this approximate relationship: 


at radius, r 


O<r<a 


a = radius of the core 
n = index of refraction at r 
n2= index of refraction at r = a 
n, = index of refraction at r = 0 


With a = 2. the index of refraction profile is approximately 
parabolic, and modal dispersion 
is minimized. This is 
called fUlly graded index. However. as seen in Equation 
(7), there is additional coupling loss when flux is sent from 
a high-index fiber into a low-index fiber. For moderate 
distances and data rates there is some value of the index 
grading coefficient 
(a ~ 8) that optimizes performance. 
reSUlting in what is called partially graded index. In step 
index fiber the grading coefficient is so high (a ~ 100) that 
the index grading loss can be ignored. 


Graded index fiber has higher coupling loss and may be 
more costly than step index fiber. It is. therefore. used 
mainly in applications requiring transmission over many 
kilometres at modulation 
bandwidths 
over 50MHz. For 
shorter distances and/or lower bandwidths, a variety of 
step index fibers are available at a variety of costs. 
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Figure 5 shows the construction 
of a Hewlett-Packard 


fiber optic cable. Over the fused-silica, step-index, glass- 
clad fiber there is a silicone coating to protect the thin 
(20"m) 
cladding from scuffing. Over the buffer jacket 
are the tensile strength members, which allow the cable to 
be pulled through long conduits, and an outer jacket to 
protect the cable against crush and impact damage. This 
cable tolerates far more abuse than most wire cable. A 
sample was laid across the main entrance to the Hewlett- 
Packard headquarters and factory at 1501PageMill Road, 
Palo Alto. After several weeks of being driven over, night 
and day, there was no impairment of performance. 


Other materials used in step index fibers are glass-clad 
glass, plastic-clad glass or fused silica, and plastic-clad 
plastic. These have N.A.'s ranging from less than 0.2 to 
more than 0.5, and transmission losses from less than 
10dB/km to more than 1000dB/km. Some manufacturers 
offer bundled fibers in which the individual glass fibers are 
small enough to allow the cable to be very flexible. In 
earlier days of fiber optic development, bundled fibers 
were 
considered 
necessary 
for 
reliability 
because 
breakage of one or more fibers could be tolerated without 
total loss of signal transmission. Also, the large diameter 
of the fiber bundle allowed more tolerance in connector 
alignment. The popularity of fiber bundles has dwindled 
because the single-fiber cable durability is better than had 
been anticipated, and connectors are now available which 
are capable of providing the precise alignment required 
for low coupling loss with small-diameter single fibers. 


Flux Budgeting 
Flux requirements for fiber optic systems are established 
by the characteristics of the receiver noise and bandwidth, 
coupling losses at connectors, and transmission loss in 
the cable. 


The flux level at the receiver must be high enough that the 
signal-to-noise 
ratio (SNR) allows an adequately low 
probability of error, Pe.In the Hewlett-Packard fiber optic 
system, the receiver bandwidth and noise properties allow 
aPe < 10-9with a receiver input flux of o.a"w under worst- 
case conditions. At higher flux levels, the Pe is reduced. 


From the receiver flux requirement (for given Pe),the flux 
which the transmitter must produce is determined from 
the expression for a point-to-point 
system: 


(111 1010g( 
~ 
) = 0'0£+ 
aTC +aCR+naCC+aM 
cPR 


where <l>Tis the flux (in "WI available from the transmitter 
<l>Ris the flux 1in "WI required by the Receiver at Pe 


0'0 is the fiber attenuation constant (dB/kml 


Q is the fiber length (km) 


aTC is the Transmitter-to-Fiber 
coupling loss (dB) 


acc 
is the Fiber-to-Fiber 
loss (dB) for in-line 
conn~ctors 
n is the number of in-line connectors; n does not 
include 
connectors 
at 
the 
transmitter 
and 
receiver optical ports 
aCRis the Fiber-to-Receiver coupling loss (dB) 
aM is the Margin (dB), chosen by the designer, by 
which the Transmitter flux exceeds the system 
requirement 


Equation 
(11) is called the FLUX BUDGET and it is 
represented graphically in Figure 7. The same basic units 
(watts) are used for flux and for power, so it is correct and 
convenient to express flux in "dBm". 
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Here is an example of how the flux budget works: 


1. Transmitter 
<l>T= 44"W:> 
10 log (<I>T)= 14.39dB 
2. Receiver 
<l>R= 1.S"W 
<l>R 


·peak-ta-peak 


Transmitteroptical 
port: N.A.= 0.5,diam. = 200"m, 0'=100 


Optical fiber (cable): N.A. = 0.3, core diam. = 100"m,a 
= 10 
3. From Equations (5), (5), (7): 
I 
\ \ 


= 20 log ~~a~T): 
::~o: 
(~;~) 
+ 10log (1 + ~O ~ 


~ +100) 
= 4.44dB + 6.02dB + 0.71dB = 11.17dB 


Receiver optical port: N.A. = 0.5, diam. = 200"m, 0'=100 


4. Becausethe N.A., diameter, and a of the receiver areall 
larger than those of the fiber, there remains only asmall 
amount of Fresnel loss, making aCR= 0.17 dB. • 


S. Apply equation (11) to see what the flux budget allows: 


14.39dB = ao£+ 11.17dB + nacc + O.17dB+ aM 


aO£ + nacc + aM = (14.39 -11.17 - O.17)dB= 3.0SdB 


6. In accounting 
for cabling 
losses, two options 
are 
considered: 


(a) with one in-line connector, possibly to allow for 
later insertion of a repeater. Taking 2.0dB for the 
connector leaves: 


ao£+ aM = 3.0S- 
2.0 = 1.0SdB 


With cable having attenuation of 20dB/km a length 
of 3S metres leaves: 


aM = 1.0S- 
(0.02dB/m) (3Sm)=0.3SdB 


(b) Without in-line connector, there is only attenuation 
to consider. A length of SOmetres leaves: 


aM = 3.0S- 
(0.02dB/m) (SOm)= 2.0SdB 


In flux budgeting, aM should always be large enough to 
allow 
for 
degradation 
of 
the 
efficiency 
of the 
flux 
generator in the transmitter (LED, IRED, laser, etc.). On 
the other hand, in dealing with more powerful trans- 
mitters, aM must not be so large that it exceeds the 
dynamic range of the receiver. 


Dynamic Range 


The dynamic range of the receiver must be large enough 
to accommodate all the variables a system may present. 
For example, if the system flexibility 
requirement is for 
transmission distances ranging from 10 metres to 1000 
metres with 
12.SdB/km cable, and up to two in-line 
connectors, the dynamic range requirement is: 


aoQ= 
lkm x 12.SdB/km = 12.SdB 
nacc = 2 x 2dB = 
4.0dB 
aM = 
3.0dB 
thermal variations = 
1.0dB (estimated) 


20.SdB 


Accommodating 
a 20dB dynamic range plus providing 
high sensitivity requires the receiver to havetwo important 
features: automatic level control, and a-c coupling or its 
equivalent. The a-c coupling 
keeps the output of the 
amplifier at a fixed quiescent level, relative to the logic 
thresholds, so that signal excursions assmall asthe speci- 
fied minimum can cause the amplifier output to exceed the 
logic threshold. 
This function 
can also be called d-c 
restoration. 


ALC (automatic 
level control) 
adjusts the gain of the 
amplifier. Low-amplitude excursions are amplified at full 
gain; high-amplitude 
excursions are amplified at a gain 
which 
is 
automatically 
reduced 
enough 
to 
prevent 
saturation 
of the output 
amplifier. 
Saturation 
affects 
propagation delay adversely so ALC is needed to allow 
high speed performance at high, as well as low, signal 
levels. 


A number of objectives were established astargets forthis 
development. Convenience and simplicity of installation 
and operation were the primary Objectives, along with a 
probability 
of error 
Pe < 10-9 at 10Mb/s NRZ, over 
moderate distances. In addition, there were the traditional 


Hewlett-Packard objectives of rugged construction 
and 
reliable performance. Manufacturing costs had to be low 
enough to make the system attractively priced relative to 
its performance. 


Electrical 
convenience 
is provided 
by several system 
features. The Receiver and the Transmitter require only a 
single +S-volt supply. All inputs and outputs function at 
TTL 
logic 
levels. No 
receiver adjustments 
are ever 
necessary because the dynamic range of the Receiver is 
21dB or more, accommodating fiber length variations as 
well as age and thermal affects. When the system is 
operated 
in 
its internally 
coded 
mode, 
it 
has NRZ 


(arbitrarily 
timed 
data) 
capability 
and 
is 
no 
more 
complicated 
to 
operate 
than 
a 
non-inverting 
logic 
element. Built-in performance indicators are available in 
the Receiver; the Link 
Monitor 
indicates 
satisfactory 
signal 
conditions 
and the Test 
Point 
allows 
simple 
periodic maintenance checks on the system's flux margin. 


There are also several optical and mechanical conven- 
ience features. The optical ports of the Transmitter and 
Receiver are well defined by optical fiber stubs built into 
receptacles 
that 
mate with 
self-aligning 
connectors. 


Low-profile packaging and low power dissipation permit 
the modules to be mounted without heat-sink provision on 
P.C. boards spaced as close as 12.Smm (O.Sin.). 


The internally-coded 
mode of operation is the simplest 
way to use the Hewlett-Packard system. This mode places 
no restriction on the data format as long as either positive 
or negative pulse duration is not less than the minimum 
specified. The simplicity is achieved by use of a 3-level 
coding scheme called a PULSE BI-POLAR (PBP) code. 
This mode is selected simply by applying a logic low (or 
grounding) to the Mode Select terminal on the Transmitter 
- 
no conditioning signal or adjustment is necessary in the 
Hewlett-Packard 
Receiver 
because 
it 
automatically 
responds to the PBP code. 


The externally coded mode makes the waveform of the 
output flux a digital replica of the Data Input signal. This 
2-level mode is called the FULL ON-OFF (Faa) mode; it is 
selected by applying a logic high (or Vcc) to the Mode 
Select terminal. When used with the Hewlett-Packard 
Receiver, the Faa 
mode must have a Data Input signal 
with a SO%duty factor, as seen later. 


Transmitter Description 


Figure 8 shows symbolically the logical arrangement of 
the Transmitter, and waveforms for the output flux. The 
arrangement shown is logically correct but circuit details 
are not actually realized as shown. For example, the cur- 
rent sources actually have partial compensation for the 
negative temperature coefficient of the LED (or IRED). In 
Figure 8, there are five important things to notice. 


First, notice that the bias current, Ic, is never turned off- 
not 
even when 
the 
Transmitter 
is operated 
in the 
externally coded mode (Mode Select "high"). This is done 
to enhance the switching speed of the LED (or IRED) in 
either 
internally- 
or externally-coded 
mode. The bias 


current 
also stabilizes the flux 
excursion 
ratio (k in 
Equation 14) symmetry in the internally-coded 
mode. 


Second, notice that 


'PL,the low-level flux, is produced by Ic 
<PM,the mid-level flux, requires IB + Ic 
<PH,the high-level flux, requires IA + IB + Ic 
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As far as the Receiver 
is concerned, 
the excursion 
flux, liq" 
produced 
by 
switching 
IA 
and 
Is, 
is 
the 
important 
parameter 
of the Transmitter. 
Average 
flux 
is, of course, 


related 
to 
excursion 
flux 
but 
is 
not 
as 
important 
in 
establishing 
the SNR of the system. 


Third, 
notice 
that 
with 
Mode 
Select 
"low" 
and a 500kHz 
signal 
at Data Input, 
there 
will 
be only 
one refresh 
pulse 
generated 
in each logic state. The excursions 
(q,H-q,M) and 


(q,M-q,L) are nearly 
balanced 
so an average-reading 
flux 
meter will 
indicate 
the mid-level 
flux, 
q,M' within 
+0.6% or 
-0.6% depending 
on whether 
the flux excursion 
ratio, k, is 
at its maximum 
or at its minimum 
limit. 


Fourth, 
notice 
that, 
with 
Mode 
Select 
"low", 
any 
Data 
Input 
transition 
(either 
H-L or L-H) retriggers 
the Refresh 
Multivibrator 
to 
start 
a new 
train 
of pulses. 
All 
refresh 
pulses 
for either 
logic 
state have the same duration. 
This 
keeps the average 
flux very near the mid-level 
even when 
the duration 
in either 
logic 
state of arbitrarily 
timed 
input 
data 
is very 
short. 
Notice 
also that 
any 
refresh 
pulse 
is 
overridden 
(abbreviated) 
by 
the 
occurrence 
of 
a Data 
Input 
transition 
so there 
is additional 
jitter 
(~15ns) 
when 
the duration 
of the Data Input 
in either 
state is the same 
length 
oftime 
as the refresh 
interval. 
The refresh 
interval 
is 
very long, 
relative 
to the refresh 
pulse duration, 
making 
a 
duty factor 
of approximately 
2%, this also is done to keep 
the average 
fI ux near 
mid-level 
regardless 
of how 
long 


Data 
Input 
remains 
in either 
logic 
state. 
The 
only 
con- 
dition 
under 
which 
the 
average 
flux 
can 
deviate 
significantly 
from 
the mid-level 
occurs 
when 
Data Input 
remains 
in one 
state 
for a period 
of time 
LESS than 
the 
duration 
of the refresh 
pulse. 
If this is likely 
to occur, 
the 


format 
should 
be configured 
so the numbers 
of 1's and O's 
are 
balanced 
as 
they 
would 
be 
in 
Manchester 
code. 
Observing 
this data format 
allows the use of the internally- 


coded 
mode 
of the Hewlett-Packard 
system 
at data rates 
ranging 
from arbitrarily 
low to higher 
than 10M baud, with 
the absolute 
limit 
being 
that at which 
the signal 
intervals 
become 
as short 
as tPHL and/or 
tPLH. 


Fifth, 
notice 
that with Mode Select "high," 
the Q output 
of 
the Refresh 
Multivibrator 
is "high" 
(and 5 is "low"). 
Under 
this 
condition, 
IA and 
Is are both 
ON when 
Data Input 
is 


"high" 
and 
both 
OFF 
when 
it is "low". 
This 
makes 
the 
output 
flux 
excursion 
a logical 
replica 
of the Data Input.• 


Flux 
Measurement 


The Transmitter 
has two 
important 
flux 
parameters, 
flux 


excursion 
and flux 
excursion 
ratio. 
The flux excursion 
is 
defined 
as half of the peak-to-peak 
value: 


(13) FLUX EXCURSION, 
liq, = q,H ;- 
q,L 


Flux excursion ratio is defined as the ratio of excursion 
above the average level to the excursion below the aver- 
age value. In the PBP mode. the average flux is the 
mid-level flux. and the flux excursion ratio is established 
by internal circuitry of the Transmitter: 
<PH- <PM 


(14) FLUX EXCURSION RATIO, k = <PM- <PL 


Ideally, k = 1 because the Receiver logic thresholds are 
referred to the average flux level, and therefore specifica- 
tions for the "k-factor" 
are given in the data sheets. 


Verification 
of these important 
parameters 
does not 
require sophisticated 
high-speed equipment; a simple 
average-reading flux meter can be used by operating the 
Transmitter 
in three conditions 
and applying a simple 
calculation to the flux meter observations: 


MODE 
DATA 
AVG. 


FLUX 
STEP 
SELECT 
FLUX 


(MODE) 
INPUT 
OUTPUT 
OBSERVED 


1 
L 
<PL 
A 
I--- 
H 
(FOO) 
<PH + <PL 
2 
500 
kHz 
8 
2 
50% 
D.F. 


3 
L (P8P) 
<PM 
C 


ll.<p ~ 
<PH - <PL 
= (8 -A) 
2 


k~ 
<PH- <PM 
<PH - <PL 
-1 ~ 
2 (8 - A) 
= 
--- 
-1 


<PM -<PL 
<PM -<PL 
C-A 


It appears that the observation might be further simplified 
by omitting the 5oo-kHz modulation in Step 2.and measur- 
ing <PHdirectly by making Data Input a steady High, with 
Mode Select High (FOO). However, this would raise the 
emitter diode junction to an unrealistically high tempera- 
ture and give an incorrect measurement. 


In the FOO mode there is, of course, no mid-level of flux. 
Nevertheless, the definition of flux excursion ratio is the 
same as for PBP mode. and in Equation (14) the average 
flux value is used in place of the mid-level flux. <PM.In FOO 
mode, the average flux is: 


<PHI tH + <PLI IL 


(15IAVERAGEFLUX= 
IIH+IIL 


(FOO mode) 


where ItH is the total time the flux is at level <PH 
ItL is the total time the flux is at level <PL 


Substitution of the expression in Equation (151for <PMin 
Equation (14) leads to: 


ItL 


(16) FLUX EXCURSION RATIO = k = ItH 


Equation (16) shows why it is that when the FOO mode is 
used 
le.g., 
with 
Mode-Select 
"high" 
in the Hewlett- 
Packard Transmitter) 
the data input 
signal 
must, on 
average, have a 50% duty factor to make k = 1. That is. in 
the averaging interval. the total number of "mark" intervals 
should be equal to the total number of "space" intervals, 
such as in Manchester code. 


Use of the FOO mode also requires that the input flux 
remain for less than 51'sat either high or low level. This is 
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necessary 
to avoid "pulling" 
the 
receiver 
dc restorer 
voltage too far away from the value corresponding 
to the 
average flux. and possibly losing occasional bits. 


Receiver Description 


The Hewlett-Packard 
Receiver block diagram is shown in 
Figure 9. There are four functional 
blocks: 


1. The amplifier. including a gain-control 
stage and split- 
phase outputs with a voltage divider for each. 


2. The dc-restorer 
with a long time constant. 


3. Logic comparators 
with an R-S iatch. 


4. Positive and negative peak comparator 
with single- 
ended output for the ALC and link monitor circuits. 


Optical 
flux 
at 
the 
input 
is converted 
by 
the 
PIN 
photodiode to a photocurrent. 
Ip. which is converted to a 
voltage by the PREAMPLIFIER. This voltage is amplified 
to a positive-going 
output. 
VP1. and a negative-going 
output. VN1.A rising input flux will cause VPl to rise and 
VN1 to fall. These voltages are applied to the differential 
inputs of the DC RESTORER AMPLIFIER whose output. 
VT. falls 
until 
it is low enough 
to draw the average 
photocurrent 
away from 
the preamplifier 
via the 25k 
resistor. This makes VP1~ VN1when the input flux is at the 
average level. The output impedance of the dc restorer 
amplifier is very high. making a long time constant with the 
filter capacitor. CT. The long time constant is required for 
loop stability when input flux levels are so low that there is 
little or no ALC gain reduction. 
with consequently 
high 
loop gain. With no input flux. VT = VTMAX;as input flux 
rises. VTfalls proportionately. 
so the voltage at the TEST 
POINT can be used as an indicator of the average input 
flux. 
With 
respect 
to 
the 
Receiver 
optical 
port. 
the 
responsivity 
of the 
PIN photodiode 
is approximately 
O.4A/W. leading to the expression: 


IVTMAX- VT!lmVI 


17IAVERAGE INPUT FLUX.ct>AvII'WI~ . 
10 


where VTMAX= Test Point Voltage with no optical input 
signal. 


The instrument for observing VT must not load the Test 
Point significantly. 
so an input resistance of 10MO is 
recommended. 


As described above. when the input flux is at the average 
level. 
the 
positive-going 
and 
negative-going 
output 
voltages VP1and VN1are approximately equal. Noticethat 
this makes the outputs of both logic comparators low. A 
positive flux excursion, rising faster than the dc restorer 
(with its long time constant) can follow. will cause VP1to 
rise and VN1to fall. If the positive flux excursion is high 
enough, the LOGIC HIGH COMPARATOR input voltage 
(VP2- VN1)becomes positive. and a SET pulse is produced 
for the R-S flip-flop. 
[Similarly. a negative flux excursion 
of 
such 
amplitude 
would 
make (VN2 - VP1) become 
positive and a RESET pulse would be produced.) A larger 
amplitUde 
of positive 
flux 
excursion 
would 
make the 
POSITIVE PEAK DETECTOR input voltage (VP3 - VN1) 
change from negative to positive and cause current to flow 
into the ALC FILTER capacitor. 
When the voltage VA 
starts to rise above VREF,the ALC AMPLIFIER output will 
operate on the GAIN CONTROL AMPLIFIER to limit the 
Receiver's forward gain. Notice that the ALC action is the 
same for a negative flux excursion, so that the Receiver's 
gain limitation 
is determined 
EITHER by positive flux 


excursion OR by negative flux excursion - 
whichever is 
the 
larger. 
For this reason, the positive 
and negative 
excursions 
must be nearly balanced with respect to the 
average flux. The allowable imbalance is determined by 
the values of the resistors in the negative and positive 
voltage 
dividers. The ALC action 
limits the maximum 
excursion 
to a voltage 10 (R1 + R2), whereas the logic 
threshold is only 10R1.Actual limits are established by the 
tolerances 
on the resistors and current sources. Notice 
that 
the 
ALC 
voltage. 
VA, activates 
both 
the 
ALC 
COMPARATOR 
and the LINK 
MONITOR 
COMPARA- 
TOR. Therefore. a "high" 
LINK MONITOR signifies two 
conditions: 


1. The input flux excursions 
are high enough to cause 
ALC action (gain limitation). 
2. The excursions are more than adequate for operation 
of the logic comparator. 


Notice that the LINK MONITOR could be "high," 
but k 
could be outside the specified limits such that Peexceeds 
10-9. Conversely. because of safety margin in the Receiver 
design, it is also possible to have Pe< 10-9 when the flux 
excursions 
are too small to make the LINK MONITOR 
"high". 


OPERATION OF THE HEWLETT-PACKARD 
SYSTEM 


With Hewlett-Packard 
Components Exclusively 


The main concern in a fiber optic link is the flux budget. 
Other areas of concern are: data rate. data format, and the 
interface 
with 
other 
elements 
of a data transmission 
system. 


Flux bUdgeting, using the Hewlett-Packard 
Transmitter, 
Receiver. 
Connector. 
and 
Cable 
components 
is very 
straight forward for most applications. It is necessary only 
to use the data sheet information 
correctly in making the 
coupling 
loss and transmission 
loss allowances. 


When used with other Hewlett-Packard components, the 
optical characteristics 
of the Receivers are not critical. 


Their optical ports have a diameter and N.A. which are 
both greater than the size and N.A. of the Hewlett-Packard 
Cable. The Receivers also have a high responsivity and the 
spectral response is nearly constant over the spectrums 
radiated by Hewlett-Packard Transmitters. 


With Components From Other Manufacturers 


When using the Hewlett-Packard 
Receivers with other 
cables. it may be necessary to account for N.A.loss and/or 
area mismatch loss. When other sources are used, it may 
be necessary to compute an effective flux ratio: 


Jct>ARrAdA 


(181 EFFECTIVE FLUX RATIO. EFRs= 
J 


ISource Spectrum) 
ct>AdA I 


where RrA is the relative response of the Receiver Ifrom 
data sheet) 
ct>Ais the spectral flux function of the source 


If the transmission loss of the cable varies sharply over the 
wavelength 
range 
of the 
source 
spectrum. 
then 
the 
spectral transmittance of the cable should be included in 
the computation of EFR.The spectral transmittance varies 


with cable length, so the integration must be performed 
using the cable length required in a particular installation: 


J TA'hRrAdA 


(19) EFFECTIVE FLUX RATIO, EFRcs = J 


(Cable and Source) 
TA4>AdA 
where TA is the spectral transmittance of the installed 
length of fiber optic cable, computed as: 


-( ~ 
)"OA 
(201 TA=10 
10 


where "OA is the spectral function in (dB/km) of the fiber 
optic cable and 2 is the installed cable length (km) 


Notice that as the length is reduced, TA becomes more 
nearly a constant 
and may be factored 
out of both 
numerator and denominator of Equation (191.When EFR 
is significantly 
less than unity, it enters the flux bUdget 
expression, Equation (11). 


(21) 10 log (:T ) = "TC + "CR + n"cc + "02+ "M 
R 
-10 log (EFRI 


The optical ports of Hewlett-Packard Transmitters are 
designed 
for 
mating 
with 
Hewlett-Packard 
Cable/ 


Connector assemblies, but their characteristics require a 
little more attention than do the Receiver optical ports. 
The Transmitter and Cable/Connector data sheets should 
be consulted for the correct values of size and N.A., or for 
the directly-given 
value of transmitter-to-fiber 
coupling 
loss, arc, to use in flux budgeting. In applications having 
very short transmission distances, but requiring a number 
of in-line (cable-to-cable) 
connections, it is likely to be 
advantageous to use fiber optics of larger core diameter 
and N.A., such as some of the plastic types. The larger 
core 
diameter 
reduces 
the 
likelihood 
of 
losses 
in 
connectors due to misalignment. Depending on the size 
and N.A. of the Transmitter optical port, a larger core 
diameter and N.A. in the fiber optic cable may also reduce 
"TC' but if the cable core diameter is too large, the cable- 
to-receiver loss, "CR, may be excessive. 


Data Rate and Format 


The other areas of concern (data rate, data format, and 
interface) are interactive, depending on system require- 
ments. In any single transmitter-to-receiver 
link, the flux 
bUdget along with probability 
of error Pe, establish the 
signaling rate, in baud units (symbols per second), while 
the data rate, in bits per second, depends also on the data 
format, or transmission code. NRZ (Non-Return-to-Zero) 
is the term for a transmission code in which the signal 
does not periodically 
return to zero. If a stream of NRZ 
data contains a series of consecutive "1s", the signal 
remains at the "1" level; similarly, the signal remains at the 
"0" level for consecutive "Os". RZ (Return-to-Zero) code 
signals a "1" by changing from low level to high level and 
back, never remaining at high level for a period of time 
longer than half a bit interval. Some examples of codes are 
given in Figure 10. Notice that NRZ code usesthe channel 
capacity most efficiently since it requires only one code 
symbol per bit. The RZ code illustrated uses two code 
symbols 
per bit while 
other 
codes 
may require 
an 
even higher channel capacity for a given data rate. NRZ 
code requires a clock signal at the receiving end to 
define, for each interval, the point in time at which the 


data is valid. The time at which the data is clocked must be 
sufficiently clear of the interval edges to avoid phase-shift 
errors due to jitter, rise time, or propagation delay. Since 
the clock signal is separately transmitted, phase shift in 
the clock channel can contribute to the phase-shift error 
unless it is equal, in direction 
and magnitude, to the 
phase shift in the data channel. For this reason, fiber optic 
channels carrying clock signals should use the same type 
of cable and the same length, unless the transmission 
distance is very short. Note that the transmission time 
delay in an optical fiber depends on the core index of 
refraction: 


(22)TRANSMISSION DELAY, t2 = (+) 2n 


where c is the velocity of light in avacuum, c = 3x108m/s 
2 is the fiber optic cable length (m) 
n is the core index of refraction 


and differential delay between a data channel and a clock 
channel is: 


(23) DIFFERENTIAL DELAY, t =(+) [2 2n2 - 21n1] 


Some codes are self-clocking - 
i.e.,a separate channel to 
transmit the clock signal is not required, so there is no 
problem with differential delay. For this reason, self clock- 
ing codes may be preferred even though the data rate is 
less than that of NRZ. Note that in its internally coded 
mode, the Hewlett-Packard fiber optic system transmits 
either NRZ or codes of arbitrary format and duty factor. In 
the externally coded mode. the system requires the duty 
factor of the code to be 50% and the signal must remain 
LESS than 51's in either high state or low state. 


The Hewlett-Packard system is capable of a 10 Mbaud 
signaling rate. If a higher data rate is required, the data 
stream can be divided among additional channels. If each 
channel is coded, such as with Manchester code, the 
capacity of each channel is 5Mb/s and if the total data rate 
requirement is 20Mb/s, four channels are required. Using 
NRZ, the 20Mb/s data can betransmitted on two channels, 
with a third channel for the clock signal. Thus, if the data 
rate 
requirement 
exceeds 
15Mb/s, 
the 
NRZ 
format 
requires fewer fiber optic channels. 


System Configuration 


The simplex arrangement in Figure 11 allows data in one 
direction oniy, and the format should, therefore, include 
error 
checks, 
such 
as 
parity 
bits. 
The 
full 
duplex 


arrangement 
requires two Transmitter/Receiver 
(T/R) 


pairs and two cables but allows data to go in both 
directions simUltaneously. If, at a given time, Station 1 is 
transmitting, the return transmission from Station 2 can be 
unrelated to the information from Station 1,but could also 
be a relay or re-transmission 
of the data received by 
Station 2, so a logic delay and comparator circuit 
in 
Station 1 can check for errors and allow corrections. The 
same is true for the full triplex arrangement. Extension to 
larger numbers of stations is possible and the benefits are 
the same, but the number of T/R pairs increase rapidly, as 
shown by the series in Figure 11, requiring n (n-1) T/R 
pairs for n stations. 


Half-duplex (not illustrated) is a means for allowing two 
stations to alternately use the sametransmission medium. 
With a wire cable, half-duplex operation is commonly and 
easily done; it can also be done with fiber optic cable but 
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CODE 
DESCRIPTION 
CHANNEL 
REQUIRES 
REQUIRES 
REQUIRED 
DC? 
CLOCK? 


A 
NRZ 
High 
during 
entire 
"mark",low 
1 Mbaud 
per Mb/s 
YES 
YES 
(NON-RETURN 
TO ZERO) 
during 
entire 
"space" 
interval 


B 
NRZI 
Transition 
for 
"space" 
, 
Mbaud 
per MiJ/s 
YES 
NO' 
(NRZ INVERTABLE) 
No 
transition 
for 
"mark" 


(SELF-CLOCKING) 


C 
RZ 
Low 
during 
entire 
"space". 
2 Mbaud 
per Mu/s 
NO 
YES 


(RETURN 
TO ZERO) 
momentarily 
high 
during 
"mark" 


interval 


D 
MANCHESTER 
Positive 
transition 
for 
"space", 
2 Mbaud 
per Mu/s 
NO 
NO 


(SELF-CLOCKING) 
negative 
transition 
for 
"mark" 


E 
BIPHASE 
MARK 
Each 
bit 
period 
begins 
with 
a 
2 Mbaud 
per Mb/s 
NO 
NO 


(MANCHESTER 
II) 
transition. 
"Space" has NO 


(SELF-CLOCKING) 
transition 
during 
bit 
period 
- 


"mark" 
has one 
transition 
during 


bit 
period 


NO, OF 
NO. 
OF 


STATIONS 
r/R 
PAIRS 


2 
I 


the fiber-furcating 
couplers for accomplishing 
it are very 
lossy, 
are not 
commonly 
available, 
and will 
not 
be 
discussed. 


Data interchange among a large number of stations can be 
accomplished 
with fewer TfR pairs by using the Master 
Station Multiplex (MSM) arrangement in Figure 12. The 
MSM arrangement requires only 2(n-1) TfR pairs for n 
stations (master + (n-1) slaves). Its operation differs from 
the full n-plex arrangement of Figure 11 in that only the 
master station transmits directly to all other stations. Data 
from any slave station is transmitted 
to master and re- 
transmitted 
to all slave stations according 
to the "re- 
transmit enable" (E, ...Ex) selection made in the master 
station. 
Thus, 
a 
complete 
error 
check 
is 
possible. 


Regardless of how many slave stations are added, the 
transmission delay from any slave to any other slave isjust 
the delay of two fiber optic links plus the propagation 
delay in the master station's relay circuit. The time delay 
between 
re-transmission 
from 
the 
master 
and 
the 
error-check 
return transmissions 
from the slaves is the 
same if each link length is the same, i.e., two links plus 
relay time. Notice that a complete error check requires 
an error check in the master, plus an error check in the 
station where the data originated. Another feature of the 
MSM system is that any slave station can be disconnected 
or turned off without affecting the other stations. With 
slightly more complicated relay control logic in the master 
stations, 
the 
MSM 
system 
can 
provide 
even 
more 
flexibility 
in 
the 
control 
of 
data 
movement 
- 
the 
schematic in Figure 12 is intended only to illustrate the 
potential flexibility 
of MSM. 


At the expense of less flexibility and longer transmission 
delay, multiplex 
operation 
can be done with an even 
smaller number of TfR pairs by means of Looped-Station 
Multiplexing (LSM) as in Figure 13.ln addition to requiring 
only n TfR pairs for n stations, LSM offers the advantage 
that an error check is required only at the station from 
which the data originates. There are some disadvantages. 
A relatively minor disadvantage is the data delay around 
the loop to where the data originated. 
A less minor 
disadvantage is the fact that, even if one of the stations in 
the loop is designated for loop control, it does not have 


control as absolute as that of the master station in MSM. A 
major disadvantage is that removal of one or more stations 
from the loop may require a re-run of the fiber optic cable 
unless the flux budget allows insertion of a connector to 
replace the station(s) 
removed. There 
is some error 


accumulation 
around 
the 
loop, 
but 
this 
is 
not 
a 


disadvantage if error correction 
is applied. 


Error Accumulation 


Where error correction is inconvenient or impossible, the 
accumulation 
of error through 
data relay units may be 
significant. 
With Hewlett-Packard components operated 
within the limits prescribed by the data sheet parameters 
and 
the 
flux 
budget, 
any 
point-to-point 
link 
has a 
probability of error Pe< 10-9.This means that Pe< 10-9as 
long as the loss margin, aM(dB) is above zero. With a 
number, n, of repeater links, the worst case estimate of 
cumulative probability of error is the RMS value: 


(24)CUMULATIVE 
PROBABILITY 
OF ERROR, 
n 
n 
Pe,n= 1 -1T(1 
- 
Pe.il ~ I: Pe.1 


;=1 
;=1 
where Pe,iis the probability of error in link "i" 


If each link has the same probability of error, Pe,then the 
cumulative value of Pe is estimated at: 


(25) CUMULATIVE PROBABILITY OF 
ERROR FOR EQUAL Po's 


However, as in any chain, the probability of error is usually 
just that of the "weakest link," that is, the link having the 
highest probability 
of error. 


Measuring 
the probability 
of error can be very time- 


consuming if Pe has a very low value. For instance, if Pe= 
10-9 at 10 Mbaud (BER = 10-9), this suggests that if the 
system 
is 
operated 
for 
100 seconds 
at 
10 Mbaud 


(accumulate 
109 bits) with one error, the Pe = 10-9 is 
verified. This is not necessarily true. The significance of Pe 
= 10-9is that over several such periods the average error is 
one per 100 seconds. A less time-consuming 
procedure is 
to lower the signal (flux) level until the error rate, Pe,Nis 
measurably high in a comfortable period of time, and note 


MASTER 
TRANSMIT 
ENABLE 
EM 


MASTER 
DATA 
IN 
0., 


E, 


E, 
... 
Ex 
SLAVE 
RE - 
TRANSMIT 
0, 


ENABLE 


E, 


0, 


D, 
... 
Dx 
DATA 
OUT 


(FADM 
SLAVES) 
E3 


03 


WHEN 
'TRANSMIT 
ENABLE' 
IS HIGH. 


THE 
SIGNAL 
AT 
'OATA 
OUT' 
IS 


RE·TRANSMITTED 
WITHOUT 
INVERSION. 


the Bit Error Rate (BER) as a function of flux level into the 
Receiver. At these lower levels of flux, the Probability of 
Error (Pe) is: 


P = BER = NO. OF ERRORS IN A PERIOD 


e 
NO. OF BITS IN SAME PERIOD 


Since the occurrence of error is random, the probability of 
error can be described by the Complementary Error Func- 
tion, erfc: 


a = standard deviation (W) referred to Receiver input. 
c = logic comparator levelasreferred to Receiverinput (WI 


<p = input flux (Wl 


With the BER observations made at two or more flux lev- 
els, the arguments of the Complementary Error Function 
values corresponding to these data points can be used to 
form a set of simultaneous equations to be solved for "c" 
and "0". Due to the randomness of the data, a curve-fitting 
approach is recommended, using: 


erfc-1 (2 Pel = Yi = [(Xi 
- b)lo 
V21 


Values of the inverse of the Complementary Error Func- • 
tion can be obtained from a table, but when Pe < 10-4 


adequate precision is obtained from the approximation: 


erfc X ~ 0.54/(X 
fX 
2 
) = 0.54 f-1X2 
+ Q nX, 
(see Appendix) 


INSTAllATION, 
MEASUREMENT, AND 
MAINTENANCE 


The shielded ~etal packages of Hewlett-Packard Fiber 
Optic Modules are very sturdy and can be mounted in any 
position. Both Transmitter and Receiver dissipate very low 
power, so heat sinking is not required. A cool location is 
preferred, 
especially 
for 
the 
Transmitter. 
The 
main 


concern in selecting the locations of both modules is 
accessibility of the optical ports. 


Mounting 


The preferred mounting is with two #2-56 screws on a 
printed circuit board. Clearance must be provided for the 
Lock Nut, which protrudes 0.5mm to 1.0mm (depending 
on angular position) beyond the plane of the module's 
bottom surface. The usual way to deal with this is to allow 
the Lock Nut to overhang the edge of the P.C. board as in 
Figure 14. Lock Nut clearance could also be provided by 
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an opening 
in the board, or by using washers of 1mm 
thickness 
on the #2-56 mounting 
screws to space the 
Module bottom 1mm from the board. Screws entering the 
#2-56 tapped 
holes MUST NOT TOUCH BOTTOM AS 
THIS MAY DAMAGE THE MODULE. The #2-56 tapped 
hole is 5.6mm (0.22 in.) deep, which provides an ample 
purchase on the thread. 


P.C. Board 
Thickness 


mm 
In. 


0.79 
1/32 
1.59 
1/16 
2.38 
3/32 


Recommended 
Screw Length - 
mm (In.) 


W/O Spacer 
W/1-mm Spacer 


4.78 (.188) 
6.35 (.250) 


6.35 (.250) 
6.35 (.250) 


6.35 (.250) 
6.35 (.250) 


The #2-56 holes near the front of the package are the only 
screw holes that may be used for mounting the module. 
UNDER 
NO 
CIRCUMSTANCES 
MAY THE 
SCREWS 
ALREADY 
INSTALLED 
OR 
THE 
SET 
SCREW 
BE 
DISTURBED. 
Disturbing 
these 
may 
cause 
interior 
damage. 


For additional 
support, the electrical 
leads may be bent 
down and soldered into the P.C. board. In bending the 
leads, care must be taken to avoid strain at the point where 
the leads enter the glass seal. This can be done by 
applying mechanical support between the module and the 
bending point which should be at least 1.0mm (0.04 in.) 
from the end of the module. A needle-nose pliers can also 
be used to 
bend the leads individually, 
providing 
no 
bending moment is transferred to the seal. See Figure 14 
for details fo these techniques. 


Panel mounting can also be used. This is an especially 
attractive 
mounting 
when R.F. shield integrity 
must be 
maintained. As seen in Figure 15,the panel thickness must 
be less than 4mm (5/32 in.) and have a counter-bore 
to 
receive the Lock Nut. This will make the mounting secure 
and leave enough of the Barrel outside the panel to permit 
installation 
of an external mounting 
nut as well as the 
Cable Connector. 


Fiber Optic Cable Connections 


The data sheet cautions against disturbing the Lock Nut 
and Barrel. This is to prevent damage by someone who 
has not read the following 
material: 


As seen in Figure 16, there is a clearance between the 
interior 
end of the Barrel and a shoulder on the Fiber 


Alignment 
Sleeve. If this clearance 
is not maintained, 


there is a risk that a force applied to the Barrel may be 
transmitted 
by the Fiber Alignment 
Sleeve to the optical 
fiber stub, forcing the stub against the face of the source 
or detector. 
The source 
(or detector) 
is an extremely 
fragile semiconductor 
device and even a very small force 
can cause severe damage. Should 
it be necessary to 
remove 
the 
Lock 
Nut 
and 
Barrel, 
they 
should 
be 
reinstalled with this procedure: 


1. Lightly and carefully thread the Barrel into the Module 
body until it comes against the shoulder of the Fiber 
Alignment Sleeve. 


2. Back the Barrel OUT ONE FULL TURN, then HOLD 
THE BARREL FROM TURNING while seating the Lock 
Nut securely against the body. During final tightening 
of the Lock Nut, the Barrel may be allowed to enter no 
more than HALF A TURN. Final barrel position must be 
between a HALF-TURN and a FULL TURN from the 
alignment sleeve shoulder. 


When 
Hewlett-Packard 
Cable 
Connectors 
are joined, 


either to each other or to the optical port of a Transmitter 
or Receiver, there is a cylindrical 
spring Sleeve that aligns 
the Ferrules. This is shown in Figures 16 and 17. It may be 
difficult 
to 
see, but 
the Sleeve does have a slightly 
flattened "leaf" on either side of a notch. The notch makes 
the 
leaves spring 
separately, 
allowing 
the Ferrules at 


LOCK 
NUT 
CLEARANCE 
- 
COUNTERBORE 
FROM 
REAR 
7.5mm 
CIA. 
x 2.0mm 
OP 


=10·32 
EXTERNAL 
MOUNTING 
NUT 


(NOT 
SUPPLIED 


WITH 
UNIT) 


lOCK 
NUT. 
SUPPLI EO 
INSTALLED, 
SHOULD 
NOT 
BE DISTURBED 


opposite ends of the sleeve to have slightly 
different 
diameters and yet be firmly aligned by the curved interior 
wall. A chamfer on the edge of the Ferrule aids insertion. In 
making 
temporary 
Cable-to-Cable 
connection, 
it 
is 
permissible, and often convenient, to omit the Barrel, 
since it does not perform an alignment function. When the 
Barrel is used for a more sturdy joint, the connection 
procedure is: 


1. Install the Sleeve and Barrel on one Connector, using 
only FINGER TIGHTNESS of the Coupling on the 
Barrel. 


2. Start the Ferrule of the second Connector into the 
Sleeve. 


3. Engage the Coupling on the Barrel threads and tighten 
FINGER TIGHT. 


Alignment of the Ferrules (and hence the fiber optics) is 
performed by the Sleeve; the Barrel and Couplings are 
intended only for tensile support, but if they are OVER 
tightened, they may cause misalignment. Lossof coupling 
due to misalignment can be observed at the Vr (Test 
Point) on the Receiver when the System is active: 


The 
procedure 
above applies also to making Cable 
connection at the Receiver and Transmitter, except that 
the Sleeve and Barrel are already installed. In manu- 
facture, the Sleeve in the Module is pre-stressed for a 
tighter fit on the Ferrule in the Module than on the Ferrule 
in the Connector. The Sleeve is not likely to be pulled out 
when the Module is disconnected, but if that does happen, 
it can be reinstalled without removing the Barrel by using 
the Connector Ferrule to guide and support it. 


In connecting fiber optics other than those from Hewlett- 
Packard to a Hewlett-Packard module, it is necessary to 
center the fiber 
in a cylinder 
with the same outside 
diameter as the Hewlett-Packard Ferrule over a length (to 
first shoulder) equal to half the length of the Sleeve, i.e., 
3.5mm. This is adequate for atemporary connection. For a 
more permanent connection, add a coupling to fit the 
#10-32 thread on the Barrel. 


Power Supply Requirements 


Power supply lines for the Transmitter and the Receiver 
should each have a pi filter of two 60/lF shunt capacitors 
and a 2.2/lH «10) 
inductor. The Transmitter needs this 
filter to prevent transients from reaching other equipment 
when the LED (or IRED) currents are switched. The 
Receiver needs the filter to keep line transients from 
interfering 
with 
its 
extremely 
sensitive 
amplifier. 
In 
addition, the Receiver may need its own regulator, as 
shown 
in the data sheet, to 
prevent 
low-frequency 
transients or ripple from interfering with the data stream. If 
a 
regulator is used, the pi filter should be between the 
regulator output and the Receiver supply terminal. The 
Transmitter needs no regulator if the supply voltage is in 
the specified range. 


System Performance Evaluation 


System performance checks may be done by using error- 
detection equipment, such as the Hewlett-Packard Mod. 
3760A Word 
Generator 
and 3761 Error 
Detector 
as 
indicated 
in 
Figure 
18. 
The 
Mod. 
3780A 
Pattern 
Generator/Error 
Detector 
which 
contains 
both 
word 
generator and error detector is also usable,although it has 
less flexibility 
in word generation and a lower data rate 
capability. These instruments have low-impedance (500 
and 750) inputs and outputs. The outputs haveadequate 
voltage swing to drive the Fiber Optic Transmitter Data 
Input, but ringing may occur unless the signal line is 
properly terminated. The low-impedance inputs require a 
buffer amplifier between the Receiveroutput and the Error 
Detector input. Here also the voltage swing is ample, so a 
simple emitter follower will do as a buffer . 


With Mode Select "low" (on the Fiber Optic Transmitter), 
the Word Generator may be set for either NRZ or RZcode, 
and there is no restriction of any kind on word length or 
composition 
(pseudo random or selected). With Mode 
Select "high", the code selection must be such that: 


1. No interval> 5/ls of consecutive marks or consecutive 
spaces 


2. Duty factor: .44 < OF < .57 or .75 < k < 1.25 • 


GENERATOR 
AND 
DETECTOR 
MUST 
HAVE 
MATCHED 
WORD 
lENGTHS 
AND 
DATA/DATA 
SEL ECTION. 


AC COUPLED 
OSCillOSCOPE 
TO CHECK 
ON 
DUTY 
FACTOR 


HP 3780A 


PATTERN 
GENERATOR 
Iwl 
HP 1740A 


VERT 


RCVR 
,-L--, 


ClK 
DATA 


The first condition can be examined with an oscilloscope, 
but if word length is such that: 


word length (bits) 


data rate (bits/second) 


then there is no way that any consecutive marks or spaces 
can extend over 51'S. 


The easiest way to check duty factor is by observing k 
directly on an ac coupled oscilloscope: first establish the 
baseline position (e.g., center of scope face) with zero 
signal input, then with the data signal applied: 


k = 
excursion above baseline position 
excursion below baseline position 


where the oscilloscope deflects upward for positive input. 
For 
this 
observation, 
the oscilloscope 
need not 
be 
synchronized 
- 
it could 
be free-running. 
The word 
composition 
should be adjusted to bring k within the 
specified limits. The word composition can beadjusted by 
adding zeroes, changing word length, or by handselecting 
the bit sequence. 


Either 
error 
detector 
has two 
modes of 
operation: 
BER (Bit Error Rate) mode and "count" mode. The count 
mode is simplest to use and gives an earlier indication of 
the result of any system adjustment. 


With the System at normal operating flux level, the error 
rate is so low that it would take several hours or evendays 
to make an accurate BER measurement. If the flux level is 
reduced, 
SNR falls and BER rises until 
it becomes 
measurable. Then the error function [see Equation (26)J 
can be applied to determine the BER at the normal flux 
level in terms of the constants "a" and "b". The problem 
now is that the flux may be too low to measure with equip- 


ment at hand. The solution is in the Receiver Test Point 
voltage, VT, which varies linearly as Receiver input flux 
-see 
Equation (17). But eventhis method has limits: when 
the flux becomes a small fraction of a microwatt, the vol- 
tage difference (VTMAX- VT) cannot be accurately ob- 
served. The solution to this problem is in the Transmitter- 
to-Cable connection. Just back off the Coupling, noting 
the number of turns while observing VT,then plot a curve 
like that of Figure 19.The curve is quite repeatable if care 
is taken to avoid backlash and rotation of the Connector 
Body (rotate Coupling only) but the curve is not the same 
for each System. 


Operating Margin Measurement 


The approximate flux margin, aM, for a system can be 
found using the Connector on the Transmitter asan adjus- 
table attenuator 
as described 
above, proceeding 
as 
follows: 


1. Prepare a curve similar to Figure 19. 


2. Count the turns, N, needed to get measurable error, 


Pe,N ~ 10-6 


3. Find aN(dB) from N and the curve from Step 1. 


The 0.5 dB in Equation (27) is to allow for the fact that the 
operating BERshould be 10-9, but the BERat which error 
is easily observed is near 10-5. At BER= 10-5the flux level 
is 0.5 dB below the flux level needed for BER = 10-9. 


If any kind of relative flux indicator is available (e.g., a 
photodiode or radiometer) the flux margin can be ob- 
served in a similar manner, but the counting of turns, N, 


0 


0 


0 


0 


0 


• 10 log VTMAX 
- Vra 
oN 


0 
VTMAX 
- 
VTN 


0 


0 


0 


. 


and use of Figure 
19 become 
unnecessary. 
The procedure 


is: 


1. Unscrew 
the Transmitter 
connector 
until 
error 
is ob- 
served 
at the Receiver. 


2. Transfer 
the 
Receiver 
connector 
to the flux 
indicator 
and note indication 
I, then, without 
changing 
the cou- 
pling 
to 
the 
flux 
indicator, 
reseat 
the 
Transmitter 
connector 
and note indication 
12. 


3. "M (dB) = 10 log (12/1,) -0.5 dB 


Absolute 
flux 
levels 
at 
"N" 
turns 
can 
be 
found 
by 
measuring 
the flux level when N = 0 and applying 
a ratio. A 
rough 
measurement 
can 
be made 
using 
the Test 
Point 
voltage, 
Vr, 
and 
Equation 
(15). 
A 
more 
precise 
measurement 
requires 
a calibrated 
radiometer, 
such 
as 
the EG&G 
Mod. 550, used as shown 
in Figure 20a. With its 


"flat" 
filter 
installed, 
the EG&G 
Mod. 550 reads the radiant 


incidance, 
E, in W/cm2 
on an aperture 
area, AD = 1 cm2 
and 
N.A. = 1. With 
the filter 
removed, 
a fiber 
optic 
cable 
can be placed 
so close to the aperture 
that there 
is no flux 
loss, and since the radiometer 
N.A. exceeds 
the fiber N.A., 
the 
radiometer 
will 
have 
a reading 
in W/cm2 
which 
is 
numerically 
equal 
to 
the 
flux 
in 
watts. 
However, 
a 
correction 
must 
be made for the removal 
of the filter. 


The 
insertion 
loss of the filter 
must 
be evaluated 
at the 
measurement 
wavelength 
because 
it varies 
with 
wave- 
length 
to 
compensate 
for 
spectral 
variation 
in 
the 
response 
of the silicon 
detector. 
The arrangement 
shown 
in Figure 
20 for measurement 
of radiant 
intensity 
is a good 
one 
for 
measuring 
insertion 
loss 
of 
the 
filter. 
Two 
observations 
are made 
- 
one 
with 
and one without 
the 
filter. 
Error due to ambient 
radiation 
is avoided 
by working 
in subdued 
ambient 
and for each observation 
taking 
two 
radiometer 
readings 
(source 
off 
and 
source 
on); 
the 
difference 
in readings 
is the 
observation 
of the 
radiant 


incidance, 
Ee, produced 
by the radiant 
intensity, 
Ie, of the 
source. 
The 
ratio 
of the two 
observations 
gives: 


Ee(filter out) 
(28) FILTER 
INSERTION 
LOSS, "F = 10 log 
---~ 
Ee(filter In) 


This 
same 
arrangement 
can 
be 
used 
to 
measure 
the 
average 
flux 
of the Transmitter 
as shown 
in Figure 
20b. 


From 
the observation 
of Ee with 
the filter 
IN: 


(29) AVERAGE 
INTENSITY, 
~elf:(-)=Ee~;)x 
d2 (cm2) 


~ 
from 
Equation 
(29) 


(30) AVERAGE 
FLUX, ¢e(!J.W) = Ie (!J.s~)[ fig: 
(MAX] 


value 
from 
radiation 
pattern 
in~ 
in Transmitter 
Data Sheet 


Preventive Maintenance 


Good 
system 
performance 
requires 
clean surfaces 
at the 
faces of the optical 
fibers 
to avoid obstruction 
of the opti- 
cal path. This is true for the fiber 
faces in the Transmitter/ 


Receiver 
modules, 
as well 
as in the 
Cable 
Connectors. 


Compressed 
air is often 
sufficient 
to remove 
particles 
of 
foreign 
matter; 
methanol 
or Freon'· 
on a cotton 
swab also 
works 
well. 
If it is necessary 
to remove 
the threaded 
barrel 
and lock nut to clean the Transmitter 
(or Receiver) 
optical 
port, 
refer to the earlier 
section 
"Fiber 
Optic 
Cable 
Con- 


nections" 
for re-assembly 
instructions. 
Severely 
ground- 


in 
or 
adhering 
foreign 
material 
may 
require 
repeated 
cleaning 
efforts 
to restore 
original 
optical 
performance. 


Long-term 
degradation 
occurs 
in 
any 
LED 
and 
LED 
degradation 
affects 
the 
Hewlett-Packard 
Fiber 
Optic 
System 
in two ways: reduced 
average 
flux, affecting 
either 
externally- 
or 
internally-coded 
mode, 
and 
altered 
flux 


excursion 
ratio, affecting 
only the internally-coded 
mode. 


Significant 
degradation 
of 
either 
the 
flux 
or 
the 
flux 
excursion 
ratio 
can be detected 
by regular 
observation 
of 
the flux 
margin, 
"M, and of k. 


"M 
is evaluated 
as explained 
under 
Operating 
Margin 
Measurement 
from 
Equation 
(27). A plot of "M against 
the 
logarithm 
of the cumulative 
hours 
of operation 
will allow 
an estimate 
to be made of the operating 
time 
remaining 
until 
"M = 0 FOR THE 
Pe DESIRED. 


k must 
be evaluated 
by 
measuring 
¢H' ¢M, and ¢L as 
explained 
in the Transmitter 
description. 
The Test 
Point 
voltage 
can 
be used 
in making 
this 
measurement 
- 
see 
Equation 
(15). 
The 
upper 
and 
lower 
margins 
on k for 
a 
particUlar 
Receiver 
can 
be 
found 
by 
operating 
the 
Transmitter 
with 
Mode 
Select 
"high" 
and 
a rectangular 
signal 
(f ~ 500kHz) 
at Data Input. 
As the duty factor 
of the 
signal 
is varied, 
the limits 
on k are found 
as those at which 
the Receiver 
fails 
to follow 
the 
Data Input 
signal. 


(31) 
k= 
(-l-)-1 
= 
ftp 
I 


1 
_ 1 
ftN 


where 
ftp is the positive-pulse 
duty 
factor 
ftN is the negative-pulse 
duty 
factor 


Changes 
in k of the Transmitter 
do not affect 
the Receiver 
performance 
in externally-coded 
(FOO) 
mode, and if this 
mode 
is used, then 
flux 
margin, 
"M, is the only 
concern. 
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OF 
FERRULE 
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'FLAT' 
FACE 
FILTER'"'?---,l 


TRANSMITTER 
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...~ 
•. 
I.I.WI.".E.I.Wlem') 
,d'lem') 


GENERAL 
PROCEDURE: 


USE SUBDUED 
AMBIENT. 
FOR 
EACH 
OBSERVATION 
Ee = DIFFERENCE 
IN 
READINGS 
OBTAINED 
WITH 
TRANSMITTER 
POWER 
SUPPLY 
ON AND 
OFF. 


1. OBSERVE 
E1 
(",WJcm21 WITH 
'FLAT' 
FItTER 
IN PLACE 


2. OBSERVe 
Ez (,uW/cm2) 
WITH 
'FLAT' 
FILTER 
REMOVED 


COUPLING 


{ ,"",",m.1.6 r' 


TRANSMITTER 
CONNECTOR 


PROTECTIVE 
GLASS 
OVER 
DETECTOR 
DETECTOR 
AREA 
Ao 
'"' 1 cm2 


3. WITH 
TRANSMITTER 
CONNECTOR 
SEATED, 
CENTER 
RECEIVER 
CONNECTOR 
OVER 
DETECTOR, 


THEN 
POSITION 
AGAINST 
GLASS. 
(DO 
NOT 
SLIDe 
- 
SLIDING 
MAY 
CAUSE 
SCRATCH 
DAMAGE.) 


OBSERVE 
Eo 
(~W/cm2). 


4. WITHOUT 
AOTATING 
THE 
BODY, 
ROTATE 
THE 
COUPLING 
BY SMALL 
INCREMENTS 
OF 
TURNS, 


NOTING 
THE NUMBER 
OF TURNS, 
N, AND 
FOR EACH VALUE 
OF N: OBSERVE 
EN (j.lW/cm21. 


Corrective Maintenance 


Trouble 
in 
the 
System 
may 
range 
from 
complete 
breakdown 
to excessive 
SER. The flux 
used in the 
Hewlett-Packard 
System 
is visible 
so the 
cause 
of 


complete 
breakdown 
can sometimes 
be localized 
by 


simply 
looking 
at the 
output 
of the 
Cable and the 
Transmitter. If there is visible output from the cable, then, 
when the Cable is connected to the Receiver, there should 
be an 8mV change 
in Test Point voltage, VT, as the 
Transmitter 
(Mode Select "low") is turned on and off by 


switching Vcc. If tiVT is more than 8mV but the system is 
not 
working, 
then 
either 
the 
Receiver 
logic 
is 
not 


functioning 
properly or the flux excursion ratio, k, is either 


too high or too low. Excursion ratio can be checked as 
described above, using VT. If k is satisfactory, the logic 
malfunction 
could be due to incorrect supply voltage or 


output loading. 


If the System is functioning 
but has excessive SER, either 


the flux and flux excursion 
ratio are marginal (can be 


checked 
as described 
above) 
or there 
is too 
much 
interference from noise or other effects. If the Data Input 
voltage levels are correct, either random noise is high or 
errors are occurring 
due to incorrect supply voltage or 
output loading, or due to noise on the supply line. Random 
noise effects can be checked by lowering the flux level to a 
point where Pe is measurably high. If Pe varies with flux 
level according to Pe = erfc(X), as in Equation (26), then 
the problem is excessive random noise. Random noise 
can also be checked by changing the data rate while the 
flux level is low enough to make Pemeasurable. If Peis the 
same at any data rate, the problem is excessive random 
noise. Excessive random noise is more likely to occur in 
the Receiver than in the Transmitter: the best way to check 
is by replacement of the Receiver. Noise on the supply line 
is difficult 
to trace. If there is any doubt, the Receiver 


should 
be operated 
from 
its own supply 
(e.g., a 5V 


regulator). Receiver noise should be low enough to make 
Pe< 10.9 at 10 Mbaud with normal flux level (ti VT> 8 mV by 
the method described above indicates normal flux level). 


APPENDIX 


Find the values of the constants, c and 0 for Equation (26) 
by least-squares curve fitting to data of errors vs. input flux 
level, using the approximation: 


(A1) Y = erfc X ~ 0.54~·'X2+~nX,= 0.54/(Xf\ 


which has adequate precision for 10.3< Y < 10.12 


The value of X corresponding 
to a given Y is easily 


obtained by repetitively computing: 
o 
0.54 
1 
(A2) 
Xm+l 
= 
Qn 
- 
+ Qn 
- 
Y 
Xm 


until Xm+, = Xm (4 to 10 loops for 9-place accuracy) 


then, X ~ erfc·' Y 


n 
{Xi = flux level (/lW) 
} 
1 
. 


DATA 
Pei = bit error rate at X. 
:5 1:5 n 
PAIRS 
I 


Using Equation (A2) with Y = 2 Pei,compute: 


(A31Yi ~ erfc·' (2 Pe;) 


Then, for the n data pairs, prepare the summations: 


n 
n 
n 
n 
n 
L: 
Xi ' I: 
Xi2, 
I: 
Yi ' 
I: 
Xi Yi ' n = 
I: 
1 
1=1 
i=1 
i=1 
i=1 
i=1 


1 [n 
(I: 
Xi 2) - 
(I: 
Xi) 2 
] 


(A41 
0= 
- 
----------- 


-./2 
n(I:XiYi) 
- 
(L:Xi)(L: 
Vi) 


( I: 
X;) ( I: 
XiV;) - 
( L: 
Yi) ( I: 
Xi 2) 


n (I: 
XiYi) - 
(I: 
X;) ( I: 
V;) 


I 
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Consideration of CTR 
Variations in Optocoupler 
Circuit Designs 


A persistent. 
and sometimes 
crucial, 
concern 
of designers 


using 
optocouplers 
is that 
of the 
current 
transfer 
ratio, 


eTR. 
changing 
with 
time. The CTR is defined 
as the ratio 


of the output 
current, 
10, of the optocoupler 
divided by the 
input 
current, 
IF' to the light emitting 
diode expressed 
as a 


percentage 
value at a specified 
input 
current. 
The resulting 
optocoupler's 
gain change, 
t.CTR+, 
with time is referred 
to 


as CTR 
degradation. 
This change, 
or degradation, 
must be 
accounted 
for if long, functional 
lifetime 
of a system 
is to 


be guaranteed. 


A number 
of different 
sources 
for this degradation 
will be 
explained 
in the 
next 
section, 
but 
numerous 
studies 
have 
demonstrated 
that 
the predominant 
factor 
for degradation 
is reduction 
of the 
total 
photon 
flux being 
emitted 
from 


the 
LED, 
which, 
in turn, 
reduces 
the 
device's 
CTR. 
This 


degradation 
occurs to some extent 
in all optocouplers. 


The 
main 
cause 
for CTR 
degradation 
is the 
reduction 
in 
efficiency 
of 
the 
light 
emitting 
diode 
within 
the 
opto- 
coupler. 
Its 
quantum 
efficiency, 
1), defined 
as the 
total 
photons 
per 
electron 
of 
input 
current, 
decreases 
with 
time 
at a constant 
current. 
The LED current 
is comprised 
primarily 
of 
two 
components, 
a diffusion 
current 
com- 
ponent, 
and a space-charge 
recombination 
current: 


qV F/kT 
qV F/2kT 
Ae 
+Be 
~~ 


where 
A and Bare 
independeL 
of VF, 
q is electron 


charge, 
k is Boltzmann's 
constant, 
T is temperature 
in 
degrees 
Kelvin, and V F is the forward 
voltage 
across 


the light emitting 
diode. 


The diffusion 
current 
component 
is the important 
radiative 


current 
and 
the 
non-radiative 
current 
is the 
space-charge 
recombination 
current~ 
Over time, 
at fixed 
VF, 
the 
total 
current 
increases 
through 
an increase 
in the 
value 
of B. 


From another 
point of view, with fixed 
total current, 
if the 
space-charge 
recombination 
current 
increases, 
due 
to 
an 
increase 
in the value 
of B, then 
the diffusion 
current, 
the 
radiative 
component, 
will decrease. 
The specific reasons for 
this 
increase 
in 
the 
space-charge 
recombination 
current 
component 
with time are not fully understood. 


The 
reduction 
in light 
output 
through 
an increase 
in the 


proportion 
of recombination 
current 
at a specific IF is due 


to 
both 
the 
junction 
current 
density, 
J, 
and 
junction 
temperature, 
TJ' In any particular 
optocoupler, 
the emitter 


current 
density 
will be a function 
of not only the required 


current 
necessary 
to produce 
the desired output, 
but also of 
the junction 
geometry 
and of the resistivity 
of both 
the P 
and N regions 
of the diode. 
For this reason, it is important 
not to operate 
a coupler 
at a current 
in excess of the manu- 
facturer's 
maximum 
ratings. 
The 
junction 
temperature 
is 


a 
function 
of 
the 
coupler 
packaging, 
power 
dissipation 
and ambient 
temperature. 
As with current 
density, 
high TJ 
will 
promote 
a more 
rapid 
increase 
in the 
proportion 
of 
recombination 
current. 


The 
junction 
and 
IC 
detector 
temperature 
of 
Hewlett- 
Packard 
optocouplers 
can be calculated 
from the following 


expressions: 


where 
the 
TJ is the junction 
temperature 
of the 
LED 


emitter, 
T D is the junction 
temperature 
of the detector 


IC, T A is ambient 
temperature, 
and the internal 
thermal 


resistances 
are 0Il 
= 022 = 370°CfW, 
and 012 = 021 = 
170°C/W. 
VF, IF are the forward 
LED 
voltage 
and cur- 


rent; 
V0' 10 are the output 
stage voltage, 
and current 
and 


VCO 
Icc are the power 
supply 
voltage 
and current 
to the 
device. 
In general, 
it is desirable 
to maintain 
TJ ~ 125° C. 


A useful 
model 
can be constructed 
to describe 
the basic 
optocoupler's 
parameters 
which 
are capable 
of influencing 
the current 
transfer 
ratio. The 6N 135 optocoupler, 
Figure 
I 


is the simplest 
device and one which is easily accessible 
for 


needed 
parameter 
measurements. 
However, 
any 
opto- 


coupler 
can 
be modeled 
in this 
fashion 
within 
its linear 


region. 
Figure 
I shows 
the 
system 
block 
diagram 
which 


yields 
the 
relationship 
of 
input 
current, 
IF' 
to 
output 


current, 
10, The resulting 
expression 
for CTR is: 


10 
CTR =- 
(100%) 
IF 


where 
K represents 
the 
total 
transmission 
factor 
of 
the 
optical 
path, 
generally 
considered 
a constant 
as is R, the 
responsivity 
of 
the 
photo detector, 
defined 
in 
terms 
of 


electrons 
of 
photocurrent 
per 
photon. 
1) is the quantum 


efficiency 
of the emitter 
defined 
as the photons 
emitted 
per 


electron 
of 
input 
current 
and depends 
upon 
the level of 


input 
current, 
IF' 
and upon 
time. 
Finally, 
13is the gain of 


the 
output 
amplifier 
and 
is 
dependent 
upon 
Ip, 
the 


photocurrent, 
and 
time. 
Temperature 
variations 
would, 
of 
course, cause changes in 1),13 as well. 


From 
Equation 
(4), 
a 
normalized 
change 
in 
CTR, 
at 
constant 
IF' can be expressed 
as: 


The 
first term, 
111)/1), represents 
the major 
contribution 
to 


I1CTR 
due 
to 
the 
relative 
emitter 
efficiency 
change; 


generally, 
over time, 
111)is negative. 
This change is strongly 


related 
to the input 
current 
level, IF' 
as discussed 
earlier 


and more elaboration 
will be given later. 
The second 
term, 


(111)/1)IF 
(3Inl3/31nIp>t, 
represents 
a second 
order 
effect 


of a shift, 
positive 
or negative, 
in the operating 
point 
of the 
output 
amplifier 
as the 
emitter 
efficiency 
changes. 
The 
third 
term, 
(11I3/f3)Ip, is a generally 
negligible 
effect 
which 


represents 
a positive 
or 
negative 
change 
in 
the 
output 


transistor 
gain 
over 
time. 
The 
parameters 
K and 
Rare 
considered 
constants 
in this model. 
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In 
this 
section, 
an extensive 
test 
program 
conducted 
at 
Hewlett-Packard 
to 
characterize 
the 
CTR 
degradation 
of optocouplers 
is discussed. 
The 
development 
which 
will 


follow 
is 
mainly 
of 
interest 
to 
those 
concerned 
with 


reliability 
and quality 
assurance. 
From 
the basic data, 
the 
CTR 
degradation 
equations 
will be developed 
in order 
to 
predict 
the percentage 
change 
in CTR with time. Complete 
data 
and analysis 
of CTR degradation 
will be found 
in an 
internal 
Hewlett-Packard 
report. 


This study 
is based 
on a total 
of 640 optocouplers 
of the 
6N135 
type 
(Figure 
1) with 
700 nm 
GaAs.7P.3 
LEDs 


from 
twenty 
different 
epitaxial 
growth 
lots representing 
a 
range 
of n-type 
doping 
and 
radiance. 
The 
6N 135 allows 
access 
to measurement 
of the emitter 
degradation 
via the 
relative 
percentage 
change 
in photodiode 
current, 
6.lp/lp, 


as well 
as output 
amplifier 
13 change. 
Stress 
currents 
of 
IFS = 
.6, 7.5, 
25 
and 
40 
mA were 
applied 
to different 
groups 
of optocouplers, 
and at each measurement 
time of 
t=O, 
24, 
168, 
1000, 
2000, 
4000 
and 
10,000 
hours, 


measurement 
currents 
of IFM = .5,1.6,7.5,25 
and 40 mA 
were used to determine 
the CTR. 


The important 
results to be noted 
are the following. 
First, a 
factor 
of 
major 
significance 
in 
the 
study 
of 
CTR 
degradation 
is the 6.CTR varies as a function 
of the ratio of 
IFS/IFM 
== R. Large values of R will result in greater CTR 
degradation 
than 
at 
lower 
R 
values 
with 
the 
same 
magnitude 
of 
IFS' 
However, 
knowledge 
of 
the 
ratio 
of 
IFS/IFM 
alone 
does 
not 
give 
a complete 
picture 
of 
degradation 
because 
6.CTR 
is also 
dependent 
upon 
the 


absolute 
magnitude 
of 
the 
stress 
current, 
IIFSI. 
The 


following 
data 
will 
allow 
the 
derivation 
of the 
necessary 
equations 
with 
which 
to 
predict 
6.CTR 
as a function 
of 


IFS' IFM and time. 


Figure 
2 
displays 
the 
mean 
and 
mean 
plus 2a values 
of emitter 
degradation 
versus R for lK, 4K, and 10K hours 
at 25°C. 
Accelerated 
degradation 
can be seen at larger R 
values. 


The 
data 
of 
Figure 
2 can 
be 
replotted 
to illustrate 
the 


percentage 
degradation 
versus 
time 
as a function 
of R. 


Figure 
3 illustrates 
the mean and mean plus 2a distribution 


with R = 1 and 50. 


From 
this 
curve, 
a useful 
expression 
which 
relates 
the 


average 
degradation 
in 
emitter 
efficiency 
to 
time 
is 


obtained 
for the mean or mean plus 2a distributions. 
[The 


symbol 
"D" 
will refer 
to CTR 
degradation 
due 
solely 
to 


emitter 
degradatio.l, 
6.T//T/, whereas 
6.CTR/CTR 
will refer 
to 
total 
CTR 
degradation 
as 
expressed 
in 
Equation 
(5)). 


.6.lp 
_ 


Ox or Ox + 2a == -- 
= Ao RO!tn(R) in % for 'FS = IFS 


Ip 


where t is in 103 hours and AOand O!differ for mean or mean 
plus 
20. Equation 
(6) represents 
an average 
degradation 
corresponding 
to a specific 
R, t, and 
an average 
stress 


current 
IFS' 
A knowledge 
of fFS and 
the actual 
device 


operating 
stress IFS can be utilized to correct Dto a value D 
which 
reflects 
the actual 
absolute 
magnitude 
of IFS' 
This 


will be shown in the development 
of Equations 
(II) and (13). 


The 
data 
shows 
that 
IFS 
increases 
with 
R and 
can 
be 


represented 
as follows: 


zo;:..o.. 
a: 
ff:o 
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Figure 2. 
Emitter 
Degradation 
vs. R (Ratio of Stress Current 
to Measurement 
Current) 
for 1k, 4k, and 10k Hours, 


Mean, Mean +2a Distribution, 
TA = 2SoC. 
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These 
equations 
are 
obtained 
from 
averaged 
degradation 
data versus IFS at different 
measurement 
times. 


Ao and 
C< were determined 
from degradation 
data versus R 
and are found in Figure 7, "Matrix 
of Coefficients." 


Equation 
(6) 
gives 
a 
direct 
relationship 
between 
the 
average 
degradation, 
0, and 
time. 
As mentioned 
earlier, 


the 
magnitude 
of 
the 
stress 
current 
also 
determines 
the 
amount 
of degradation. 
In order 
to allow 
for the 
effect 
of 
IIFSI, 
empirical 
observations 
were 
made 
on 
0 
at 
different 
IFS and at different 
times for several values of R. 
The 
dependence 
of degradation 
on stress 
current 
is linear 
up 
to 
IFS 
= 40 
mA, 
for 
all values 
of R. 
From 
these 
observations, 
the average rate of change, 
or slope, S(R,t), 
of 
degradation 
0 with IFS over time was found 
to behave 
in 
the following 
fashion 
for any R: 


where 
t is in 103 hours, 
the coefficients 
c«R) and I3(R) can 
be found on Figure 7. 


Along 
with 
Equation 
(10), 
the 
mean 
distribution 
degradation, 
OJ{, can be estimated 
for any specific 
stress 
current, 
IFS' 
ratio 
R, 
and 
time 
t via 
the 
subsequent 
expression: 


where, again, Ox is the average degradation 
at time t, in units 
of 103 hours, 
corresponding 
to an average 
stress current, 
IFS, given by Equations 
(7) and (8); IFS is the actual 
stress 
current. 
In equation 
(12) R = IFSflFM; 
S is the expression 
(10) for the change of slope of °versus IFS with time; n(R) is 
a power oft, 
given by Equation 
(9), and Ao, ex are found 
in 
Figure 7. 


Equation 
(II) 
gives the mean distribution 
degradation 
by 
using 
an 
average 
degradation 
value, 
Ox 
(first 
term), 


corresponding 
to the ratio of IFsi IFM, or an average stress 
current, 
IFS, 
and 
then 
applying 
a correction 
quantity 
(second term) to Dx due to the magnitude 
of the actual stress 
current, 
IFS, yielding 
the actual 
degradation 
Ox:. 


The expression 
for the mean + 20 distribution 
degradation, 
OJ{+ 20' (worst case) is almost 
of the same form as Equation 
(II). 
The dissimilarity 
arises from the fact that the standard 
deviation, 
0, is dependent 
upon the stress current, 
IFS, the 
ratio 
R, and upon time. This complex 
dependency 
was ana- 
lytically 
deduced 
from 
the 
data 
to 
be 
the 
following 
expression: 


or substituting 
Equation 
(6) 


OJ( + 20 
= AoRC<tn(RI 
+ IS + 2Pl lIFS - IFSI 
% 


where 
OJ{ + 20 is the 
average 
degradation 
for x + 20 
distribution 
corresponding 
to the average stress current IFS,I 


Equations 
(7) and (8). In equation 
(14) Ao and 0' are found in 
Figure 
7 under 
the x +20 
category. 
S [Equation 
(10)] 
represents 
the slope 
to correct 
for actual 
IFS 
versus TFS 
current 
levels, and P [Equation 
(15)] is the new term which is 
a slope to correct 
for the 0 variation 
with IFS, Rand 
t. The 
coefficients 
y(R),Il(R) 
in P are found 
in Figure 7. 


The 
degradation 
Equations 
(II) 
and (13) 
are considered 
accurate 
for 
the 
ranges 
of 'FS 
.;;; 40 
mA 
and 
R .;;; 20; 


outside 
this range, the model 
does not predict 
degradation 
as well. 
Hence, 
check 
to 
see 
if IFS 
and 
R satisfy 
the 
above 
conditions. 
If 
IFS 
or 
R 
exceed 
these 
limits, 


prediction 
of 
D will 
be, 
in general, 
greater 
than 
the 
actual 
degradation 
due to large values for Sand 
P which do 
not reflect 
actual 
Sand 
P. 'fiFS 
is approximately 
equal to 
the 
actual 
IFS' 
then 
the second 
term 
in the 
degradation 
equations 
need 
not 
be determined. 
Otherwise, 
the second 
term 
needs 
to 
be 
determined 
to 
obtain 
true 
emitter 
degradation, 
D. 'f 'FS < 'FS,~hen 
the degradatiOI~, D, will 
be less than 
the degradation, 
D, corresponding 
to 'FS' 
and 


vice versa w~n 
'FS >IFS' A quick and -.:oarse estimate 
for 
degradation 
D can be obtained 
by using D = AoRO<tn(R) for 
a specific 
R 
with 
approximate 
values 
for 
0< '" 
0.4 
and 
n"'0.3. 
Figure 
4 represents 
plots 
of 
Equations 
(II) 
and 
(13) 
for 
R = I and 
'FS 
= 1.6, 6.3, 
and 
16mA 
at both 
TA = 25°C and TA = 85°C. These plots are very useful in 
making 
a quick 
approximation 
of D for the specific condi- 
tions 
for 
which 
the 
plots 
have been 
made. 
These 
condi- 


tions 
represent 
the recommended 
operating 
conditions 
for 
the three HP optocoupler 
families. 


This discussion 
of reliability 
data and its interpretation 
with 
model 
equations 
is 
qualified 
to 
specific 
optocouplers, 


6Nl35 
and 
6NI38, 
where 
continuous 
LED operation 
was 
maintained, 
and 
extrapolation 
of data 
for 
times 
beyond 
10,000 
hours 
is assumed 
to be 
valid. 
Different 
types 
of 
LEDs 
or 
preparation 
processes 
may 
produce 
different 
results 
than 
those 
presented 
in 
this 
section. 
These 
expressions 
only incorporate 
the first order 
effect, 
emitter 
degradation 
f:>.T//T/, 
whereas 
comments 
about 
higher 
order 


effects 
upon 
total 
CTR 
degradation 
will be given in the 
following 
section. 
With 
these 
expressions 
for degradation, 
accelerated 
testing 
may 
be 
accomplished 
by 
employing 
large 
values 
of 
R. Such 
testing 
can 
provide 
a means 
by 
which 
to determine 
acceptable 
emitter 
lots for optocoupler 
fabrication, 
acceptable 
degradation 
performed 
for lot sel- 


ection, 
or 
predict 
functional 
lifetime 
expectance 
for 
optocouplers 
under 
specific 
operational 
conditions. 


An important 
point to note is that the total operational 
life 


of an optocoupler 
is greater 
than 
the worst 
case mean plus 


2a 
distribution 
implies. 
Specifically, 
the 
worst 
case 


degradation 
given 
in 
Figures 
4a 
(25°C) 
and 
4b 
(85°C) 
are for the continuous 
operation 
of the 6N 135 optocoupler. 


The 
actual 
lifetime 
for 
an 
optocoupler 
is greater 
than 


Figures 
4a 
and 
4b 
would 
indicate 
since 
the majority 
of 


units will be centered 
around 
the mean distribution 
lifetime. 


Secondly, 
the 
optocoupler 
which 
is operated 
at 
some 


signal duty 
factor 
less than 
100%, for example 
50%, would 


increase 
the optocoupler's 
life by a factor 
of two. Third, 


the 
fact 
that 
an 
optocoupler 
is used 
within 
equipment 


which may have a typical 2000 hours per year (8 hours/ day 
- 
5 days/week 
- 
50 weeks/year) 
instrument 
or 
system 


operating 
time, could 
expect 
to increase 
the optocoupler's 


lite by another 
factor of 4.4 in terms of years of useful life. 
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Figure 4. Calculated 
Curves of Relative Emitter 
Efficiency 
vs. Time for R = 1: IFS = IFM = 1.6,6.3, 
and 
16mA which are Recommended 
IF for 6N138, 


6N137, 
and 6N13S Optocouplers 
Respectively. 
Mean, Mean + 2a Distributions. 
a) TA = 2SoC, 


b) TA = 8SoC. 


The 
appropriate 
operating 
time 
considerations 
will vary 
depending 
upon 
the 
designer's 
knowledge 
of 
the system 
in which 
the optocoupler 
will be used. The operating 
life- 
time 
of an optocoupler 
can be expressed, 
for a maximum 
allowable 
degradation 
at a particular 
IFS, by using Figures 


4a 
and 
4b 
for 
tcontinuous 
lifetime 
and 
the 
following 
expression: 


tcontinuous 
= [tsystemJ 
IData DUty] ISystem 
UseJ 


lifetime 
lifetime 
L Factor 
LData Factor 


Another 
equally 
important 
point 
to observe 
is that of the 
worst 
case conditions 
under 
which the optocoupler 
is used. 
As will 
be 
illustrated 
in the 
design 
examples, 
the worst 
possible 
combination 
of 
variations 
in Vcel' 
Vcc2' 
Rin, 
CTR, 
RL, 
IlL' 
and 
temperature 
still 
result 
in the 
opto- 
cougler 
functioning 
over 
an 
extended 
length 
of 
time 
(10 
hours) 
for 
a particular 
maximum 
allowable 
degra- 
dation. 
However, 
the 
likelihood 
of seven 
parameters 
all 
deviating 
in 
their 
worst 
directions 
at 
the 
same 
time 
is 
extremely 
remote. 
A 
thorough 
statistical 
error 
accumu- 
lation 
analysis 
would 
illustrate 
that 
this worst-worst 
case is 
not a representative 
situation 
from which to design. 


The 
first 
order 
effect 
of emitter 
degradation, 
/::':rJ!f1,has a 
pronounced 
influence 
upon 
the 
t.CTR 
as explained 
in 
the 
previous 
sections; 
however, 
consideration 
of 
higher 
order effects 
is important 
as well. 


Consider 
the 
second 
term 
in 
Equation 
(5) 
(t.'l/'lhF 
(3In,8/illnIp)t, 
the 
emitter 
degradation 
part 
has 
been 
explained; 
however, 
(3In,B/3InIp)t 
represents 
a shift in the 
operating 
point 
of the output 
amplifier 
of an optocoupler. 


The 
term 
(3In,8/3InIp) 
can 
be 
rewritten 
as 
(1/2.3,8) 
(3,8/310gIOIp) 
which 
is more 
convenient 
to use with the 


accompanying 
typical curves of,8 versus log 101p for the two 
optocouplers 
6N 135 and 6N 138, given in Figure 
5a. 


If the 
operating 
photocurrent, 
Ip, 
is to the 
right 
of the 
maximum 
/3 point 
of 
either 
curve, 
then 
with 
reduced 


emitter 
efficiency 
over 
time, 
Ip 
will 
decrease, 
but 
the 
increasing 
/3 will tend 
to compensate 
for this degradation. 
However, 
if the operating 
Ip is to the left of the maximum 


/3 and 
then 
Ip decreases, 
the /3 change 
will accentuate 
the 
emitter's 
degradation, 
yielding 
a 
larger 
CTR 
loss. 
The 
magnitude 
of 
the 
contributions 
of 3In/3/3InIp 
to 
overall 
CTR 
degra.dation 
can 
be 
illustrated 
by 
the 
following 
examples. 


Consider 
a 6N 138 
optocoupler 
of 
Figure 
5c 
operating 
at 
its 
recommended 
IF = 1.6 mA which 
corresponds 
to 
an 
lp 
"" 1.61lA. (An 
IF 
to 
lp 
relationship 
for 
Hewlett- 
Packard 
optocouplers 
is 
I 
mA 
input 
current 
yields 
ap- 


proximately 
IIlA of photodiode 
current.) 
At Ip = 1.6IlA, 
the slope of the VCE = 5V curve is equal to -15,000 
and the 


gain 
is /3 = 
26,000; 
hence, 
3ln/3/3lnlp 
"" -0.25. 
If, 
for 


instance, 
the 
emitter 
degradation 
t.f1/f1 
is -10%, 
then 
the 
second 
order 
term 
would 
improve 
the 
overall 
CTR 
degradation, 
i.e., 


t.CTR jt.r}J~f1'),f_31n{3\+. 


CTR 
\. 'l7\f1 
~Inlp) 


This improvement 
is what 
was expected 
while operating 
on 


the right side of the /3maximum. 
In fact, with an IF = 4 mA 
or Ip "" 41lA, the 
term 
31n/3/3lnIp 
= 
-0.8, 
and 
again, 
if 
t.f1/f1 = 
-10%, 
the 
resulting 
t.CTR/CTR 
= 
-2%, 
nearly 
cancelling 
the emitter's 
degradation. 
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Figure 5. a) Typical 
DC Current 
Gain, /3, YS. Photocurrent, 
Ip, 


for 6N135 and 6N138 
Optocouplers. 
Current 
Dia- 


grams and Typical Values of IF and CTR for 
Hewlett-Packard 
Optocouplers, 
b) 6N135, 
c) 6N138. 


With 
the 
6N 135 
optocoupler, 
Figure 
5b 
operating 
at 


IF 
= 10 mA, 
or Ip "" 10MA, which 
corresponds 
to the 
maximum 
{3point on the VCE = .4V curve, the slope is zero 
and 
the 
total 
CTR 
degradation 
is basically 
the emitter's 
degradation. 


Another 
subtle 
effect 
is 
seen 
from 
the 
third 
term 
in 


Equation 
(5), 
(AB/I3)Ip, 
over 
time. 
At 
constant 
Ip, 
13 
can 
increase 
or decrease 
by 
a few 
percent 
over 
10,000 


hours. This change is so small that the third term is generally 
neglected. 
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Figure 6. 
a) Typical Output 
Current, 
10, vs. Photocurrent, 
Ip, 
for 6N 137 Optocoupler. 
b) Circuit Diagram and Typical Values of IF and 
CTR for 6N137 Optocoupler. 


For 
the optocouplers 
containing 
an output 
amplifier, 
such 


as the 6N 137, which 
switches 
abruptly 
about 
a particular 


threshold 
input 
current, 
the actual 
emitter 
degradation 
can 


be 
determined 
from 
Equations 
(11) 
and (13). 
An appro- 


priate 
1Finitial 
can 
be 
determined 
to 
provide 
for 
ade- 


quate 
guard 
band 
current 
which 
will 
allow 
the 
opto- 


coupler 
emitter 
to 
degrade 
while 
maintaining 
sufficient 


Ip to switch 
the 
amplifier. 
An actual 
design procedure 
to 


determine 
the 
needed 
IFinitial 
for 
proper 
operation 
of 


Hewlett-Packard 
optocouplers 
is 
given 
in 
the 
design 
examples 
section. 


25·C 
85·C 


X 
X + 20 


X 
X +20 


R<6 
6<;R 
R<8 
8<;R 


A. 
4.95 
9.7 
6.8 
5.0 
15.0 
11.0 


a 
.388 
.428 
.302 
.467 
.284 
.430 


25·C 
85·C 


R<;l 
R>' 
R<;' 
R>l 


alRI 
.19 R .052 
.19 R .32 
.32 R .08 
.32 R .30 


~(RI 
.055 
.055 R .68 
.11 R .25 
.11 R .65 


25·C 
8SoC 


rlR) 
.063 R .30 
.154 R .26 


61R) 
.38 
.196R·39 
.081 R 


R = IFS/IFM'-: 
20 l 


'FS '-:40 mA 
) 


First Approximation 
of Degradation 


or 
x + 20 


with a"'.4, Ao (Figure 7) 


n '" .3, t in 103 hours 
(5 corresponds 
to IFS) 


~ 14.13 + 9.0610g10R 
@ 25°C 
mA 


l10.5 
+ 5.76 10910R @ 85°C 
mA 


If IFS '" IFS' Step 6 and the second terms in 
Equations 
(11) and (13) do not need to be calculated. 


Equation 
(7) 


Equation 
(8) 


S = aIR) 10910t + /3(R) 


P = r(R) 
10910t + SIR) 


a(R),/3(R) 
l 


r(R), 
SIR) 
) 


Dj( = AoRatn(R) 
+ S [IFS - 
IFSI 


Dj( + 20 
= AoRatn(R) 
+ [S + 2Pl 
[IFS - IFSI 


(Ao' a via Figure 7, t in 103 hours) 


1 
0/3 
=-- --- 
2.3/3 010910'P 


Figure 5a - typical 
curves with an approximation 


for HP optocouplers 
of IF = 1 mA yields Ip '" 1pA 


6CTR 
--= 
CTR 
Dx+20+ 
DX+20G::~j 


which 
will insure 
the 
initial 
and 
long 
term 
performance 
of such 
an interface, 
and take 
into 
account 
the practical 
aspects 
of 
the 
system 
that 
surrounds 
it. 
These 
system 
elements 
include 
the 
data 
rate, 
the 
logic 
families 
being 
interfaced, 
the 
variations 
of 
the 
power 
supply, 
the 
tolerances 
of 
the 
components 
used, 
the 
operational 
temperature 
range, 
and lastly 
the expected 
lifetime 
of the 
system. 


The 
system 
data 
speed 
can be considered 
as the primary 
selection 
criteria 
for selecting a specific optocoupler 
family. 
Figure 
9 lists 
the 
ranges 
of data 
rates 
for four 
Hewlett- 
Packard 
optocoupler 
families 
when 
driven 
at 
specified 
LED 
input 
current, 
IF. 
With 
this 
table, 
and 
the 
know- 
ledge 
of 
the 
system 
data 
rate 
requirements, 
it 
is pos- 


sible to select an optimum 
coupler. 


An example 
of an optocoupler 
interconnecting 
two logic 
gates 
is shown 
in Figure 
8. A logic 
low level is insured 
when 
the 
saturated 
output 
sinking 
current, 
10, is greater 
than 
the combined 
sourcing 
currents 
of the pull-up resistor, 


and the logic low input current, 
IlL' of the interconnecting 
gate. 
Using the coupler 
specifications 
selected 
from Figure 
9 
and 
the 
corresponding 
eTR 
(MIN) 
from 
Figure 
10, 


ICTRIUF' 
10 • ----;00- 


IF '0 
;;a. IR -Ill- 
THEN OUTPUT 


TRANSISTOR 
WILL BE IN 
SATURATION 


Vcc1 (MINI 
- VF (MAXI 
- 
VOL 


Rin 
(MAXI 


Vcc1 (MAXI 
- VF (MINI 
- VOL 


Rin (MINI 


10 x 100 
I 
= 
F 
eTR(MINI 


NRZ 
DATA 
INPUT 
CURRENT 
- 
IF 


FAMILY 
RATE 
BITS/S 
.5mA 
1.0mA 
1.6mA 
7.5mA 
10mA 
12mA 
16mA 


~' 


MIN 
333k 
6N135/6 
••••DE" 
1 v, 
SINGLE 
CATtClDE]' 
6 Yo 
TRANSISTOR 
• 
• GNIl 
TYP 
2M 


ITl'V= 
MIN 
12k 
22k 
125k 
6N138/9 
AM)OE~J'J 
1 VI 
SPLIT 
CATttJOE ~ 
6 
Vo 
DARLINGTON 
~ 
5 GNIl 
TYP 
lOOk 
200k 
840k 
- 
....~. 
MIN 
1.8k 
4N45/6 
CATHODE.I 
\' 
Ii Yo 


OAR LI NGTON, 
• 
GND 
TYP 
640 
6.5k 


ON'" 
B 
MIN 
6.7M 
OPTICALL 
Y 
ANOOE' 
" 
1 v, 
COUPLED 
CATOOOE 
VOllT 


GATE 
GNIl 
TYP 
10M 


% CTR @ IF = (mAl 
TEMP 
VOL 
FAMILY 
°c 
.5 
1.0 
1.6 
5 
10 
16 


6N135 
7 
25 
0.4 
SINGLE 
TRANSISTOR 
6N136 
19 


6Nl38 
300 
0-70 
0.4 
SPLIT 
DARLINGTON 
6N139 
400 
500 
0-70 
0.4 


4N45 
250 
200 
0-70 
1.0 


DARLINGTON 


4N46 
350 
500 
200 
0-70 
1.0 


OPTICALLY 
COUPLED 
6N137 
400 
0-70 
0.6 
GATE 


it 
is 
possible 
to 
determine 
from 
Equation 
(20) 
the 
minimum 
initial 
value 
of IF for the coupler. 
The 
design 


criteria 
is that 10;;;'IlL + IR for the VIL specified 
in Figure 
II. 


Using 
Equation 
(21), 
the 
typical 
value 
of 
Rin 
can 
be 


calculated 
for 
the 
selected 
IF 
and 
the 
logic 
low output 


voltage, 
VOL' 
of the 
driving 
gate. The 
VOL of the 
logic 


family 
is given 
in 
Figure 
11. 
The 
next 
step 
is to 
de· 


termine 
the 
worst 
case value 
of 
the 
LED input 
current, 
IF' 
resulting 
from 
the 
tolerance 
variations 
of 
the 
LED 


current 
limiting 
resistor, 
Rin, and the power supply voltage, 


Vcel' 
The 
conditions 
of 
IF (MIN) 
and 
the 
initial 


CTR (MIN) are then used to determine 
(he initial worst case 


value 
of 
IO(M.IN)' 
Conversely, 
the 
worst 
case 
CTR 


degradation 
will 
occur 
when 
the 
LED 
is 
stressed 
at 


IF (MAX) 
conditions; 
thus, 
IF 
(MAX) 
will 
be 
used 
to 


determine 
the 
worst 
case degradation 
of the 
optocoupler 


performance. 
Using the maximum 
Vcel 
and the minimum 


Rin will accomplish 
this worst case calculation, 
as shown in 


Equation 
(I 9). 


TTL 
FAMILY 
IlL 
VIL 
IIH 
V1H 
10L 
VOL 
IOH 
VOH 


148 
-2 
mA 
.8V 
50,uA 
2V 
20mA 
.5V 
-1000 "A 
2.1V 
14H 
-2 
mA 
.8V 
50/olA 
2V 
ZOmA 
.4V 
- 
500jlA 
2.4V 
14 
-1.6mA 
.8V 
40/oiA 
2V 
16 mA 
.4V 
- 
400"A 
2.4V 
74LS 
-.36 mA 
.8V 
20J.lA 
2V 
8 mA 
.5V 
- 
400IJ.A 
2.7V 
14L 
-.18 mA 
.1V 
10JJA 
2V 
3.6mA 
.4V 
- 
200#J,A 
2.4V 


The change 
in CTR from 
the initial value at time t =0 to a 


final 
value 
at 
some 
later 
time 
can 
be 
compensated 
by 


choosing 
a 
value 
of 
RL 
which 
is 
consistent 
with 
Io(MIN) 
- mIlL 
at 
the 
end 
of 
system 
life. 
Equation 
(22) 
describes 
this worst case calculation. 


Vcc2 (MAX) - VOL 


OX+20) 
•CTR(MIN) 1- 
100 
_ 


100 


The 
selection 
of 
the 
maximum 
value 
of RL 
is also 
of 
important 
in 
that 
its value 
insures 
that 
the 
collector 
is 


pulled 
up to the logic one voltage 
conditions, 
VIH, under 
the 
conditions 
of maximum 
IOH of the 
coupler, 
and the 


IIH of the interconnecting 
gate. 


Vcc2 (MIN)- VOH 
RL (MAX) 
.,; 
IOH (MAX) + m IIH 


The selection 
of the value of RL between 
the boundaries 
of 


RL (MIN)' 
and RL (MAX) has certain 
trade offs. As in anyI 
open collector 
logic system, 
TPLH increases with increaSing: 
-'. 
RL· Conversely, 
as RL is increased 
above 
RLMIN' 
a larger 


guardband 
between 
10MIN 
and 
IlL 
+ 
IR 
is achieved. 


Engineering 
judgement 
should 
be employed 
here to achieve 


the optimum 
trade off for desired performance. 


Using 
the 
coefficient 
Figure 
7 and 
Equations 
(11) 
and 
(13), 
the 
following 
examples 
are 
developed 
to 
demon- 
strate 
the 
methods 
of optocoupler 
system 
design 
in the 


presence 
of 
the 
mean 
and 
mean 
plus 
two 
sigma 
CTR 


degradation. 


Data Rate 
Logic Family 
Power Supply 
1 & 2 
Component 
Tolerances 
Temperature 
Range 
Expected 
System 
Lifetime 


20 k bit NRZ 
Standard 
TTL 
5V ± 5 
±5% 
o -70°C 
350 k hr (40 yr) at 50% 
system 
use 
time 
and 
50% Data 
Duty 
Factor 


CTR (MIN) 
= 500% @ IF 
= 1.6 mA 
VOL (MAX) = AV@IF 
= 1.6mA 
IOH (MAX) 
= 250f.lA @ Vcc2 
= 7V 
VF (MAX) 
1.7V@ IF 
1.6 mA 
VF (MIN) 
1.4V@IF 
1.6 mA 
VF (TYP) 
1.6V @IF 
1.6 mA 


= 40f.lA 
= 2V 
= 400f.lA 
= 2AV 


5.0 -1.6 
- .4 


Rin = 
1.6 x 10-3 
1.87kn. 
select 1.8kn 


R(MIN) 
= 1710.11 


R(MAX) = 1890.11 


Vcc1 (MIN) - VF (MAX) - VOL 


Rin (MAX) 


Vcc1 (MAX) - VF (MIN) - VOL 


Rin 
(MIN) 


5.25 -1.4 
-.4 


1710.11 


Determine 
continuous 
operation 
time 
for 
LED 
emitter. 


tcontinuous 
lifetime 
= [ts!st~m JrData DUty] 
[system 
Use J 


lifetime 
L 
Factor 
Duty 
Factor 


tcontinuous 


lifetime 


Obtain 
the mean and mean + 20 CTR 
degradation 
at IF (MAX) and 


tcontinuous 
lifetime 
either as an 


approximation 
from 
Figure 4 or by 


calculations 
as shown below. 


Dj( = Aot·25 
+ S [lFS - IFSI 


Dj( = 4.95t(k 
hr) .25 + [.186 log t(k hrl + .0551 


[IF (MAX) -14.13 
mAl 


Dj( = 4.95 (87.6)·25 
+ (.186 log 87.6 + .055) 


Step 5b. 
Determine 
Dx + 20 


14<+20 
= Aot·25+ 
[S+2P] 
[lFS+1FSI 
(28) 


Dx + 20 = 9.7t(k 
hr)·25 + [2 (.063 log t(k hr) + .081) 


+ (,186 log t(k hr) + .055)) 


x [I F (MAX) - 14.13 mAl 


o 
9.7 (87.6)·25 + [2 (.063 log 87.6 + .081) 
x+ 20 
= 


Step 6. 
Guardband the worst casevalueof eTR 
degradation. 


It 
is often 
desirable 
to 
add 
some 
additional 
operating 
margin 
over and above conditions 
dictated 
by simple worst 


case analysis. 
The use of engineering 
judgement 
to increase 


the 
worst 
possible 
eTR 
degradation 
by an additional 
5% 


margin 
would 
insure 
that 
the entire 
distribution 
would fall 


within 
the analysis. Thus, 


Vcc2 (MIN)- VOH 


RL (MAX) .;;;------- 
IOH (MAX) + mliH 


4.75 - 2.4 


RL (MAX) .;;; 


250/lA + 40/lA 


The range of RL is from 1.32H2 
to 8.lkn. 
It is desirable 
to 


select 
a 
pull-up 
resistor 
which 
optimizes 
both 
speed 
performance 
and 
additional 
10 
guardband. 
This 
criteria 


leads 
to a tradeoff 
between 
a value close to RL (MIN) for 


speed 
performance 
and one bordering 
near 
RL(MAX) 
for 


10 
guardbanding. 
In 
this 
design 
example, 
the 
system's 


lifetime 
has a higher 
priority 
than does the moderate 
speed 


performance 
demanded 
from 
the optocoupler. 
An RL of 
3.3kn 
± 5% is selected 
under this condition. 


An additional 
guardband 
of 5% was added 
to the worst case 


Dj( + 20 eTR 
degradation 
guardband 
to insure 
that even a 
greater 
percentage 
of the distribution 
would 
be accounted 
for. The actual 
percentage 
difference 
between 
10L (MAX) 
and 10 (MIN) at the 
end of system life is shown below: 


I 
(1 OJ( + 20) 
• F(MIN) 
--- 100 


100 


Vcc2 (MAX) - VOL 
IOL (MAX) 
RL (TYP - 5%) 
+ mlllLI 


% Guardband =[1 _ IOL (MAX) ] X 100 
(32) 


IO(MIN) 


For 
the example 
shown, 
the additional 
end of system 
life 


10 guardband 
results 
from 
the 
selection 
of an RL greater 
than the RL (MIN) as shown in Steps 9, 10, and I I. 


·1.4mA· 
(1-~) 


100 


(29) 
5.25 -.4 
I 
---- 
+ 1.6 mA = 3.14 mA 
OL (MAX) - 
3.13kn 
• 


Step 11. 
% Guardband 


3.14 mA 
% 
100 
44.4% 
(34) 
5.65 mA 


guardband results from having 'Clio-Sin an RL =3.3k rather 
than the lowest allowable value of RL plus the engineering 
guardband chosen in Step 6. 


Data Rate 
Logic Family 
Power Supply 1 and 2 
Component Tolerance 
Temperature Range 
Expected System Lifetime 


250K bitNRZ 
TTLto LSTTL 
5V ± 5% 
±5% 
2SoC 
175 k hr (20 yr) at 
50%System Use Time 
and 50% Data Duty 
Factor 


CT~IN) 
= 
VOL 
= 


10H 
VF(TVP) 
VF(MIN) 
VF(MAX) 


19% @ IF = 16mA 
AV 
500 nA @ Vcc2 = 5.0V 
1.6V @ IF = 16 mA 
l.5V 
@ IF 
== 16 mA 
1.7V @ IF 
16 mA 


10L 
= 8 mA 
VOL = .5V 
10H = 400~A 
VOH = 2.7V 


Again using Figure 7, the data rate dictates the use of 
a 6N136 at an IF (TVP) of 16 mA. Using the same 12 step 
worst case analysis, it is possible to determine the values of 
Rin, RL and the degree of guardbanding of 10 at end of 
system lifetime. 


Step 1. 
Rin 
s 
18711, select 18011 ± 5% 


RL (MINI 
= 17911 
RL (MAXI 
= 18911 


Step 2. 
IF (MINI 
= 14.02'mA 


Ox = 14.5% 
t 


Ox + 2a = 28.5% ~ 


RL (MINI 
= 3.44k11 


Step 8. 
RL (MAXI 
= 50k11 


Step 9, 
RL (TYPI 
= 5.1 k11 ± 5%, RL (TYP - 5%1 


= 4.84k11, RL (MAX + 5%1 


= 5.35k11 


10 (MINI 
= 1.5 mA 


Step 11. 
10L (MAXI 
= 1,36 mA 


If a particular design requirements specifies a maximum 
tolerable degradation over a system lifetime, the optimum 
value 
of IF(TYP) 
can 
be 
obtained 
from 
Figure 
12. 


For 
example, 
if 
a maximum 
acceptable 
degradation, 


Dx + 2a' is 40%, and a continuous operation of 400k hr is 
desired, this curve specifies that IF (TVP) should be less 
than or equal to 10 mA. A 400k hr continuous operation 
with 100% system duty factor as might be encountered in 
telephone switching equipment is equivalent to 45 years of 
system lifetime. 


If a 6N139 split Darlington were used to interface an 
LSTTL logic gate with the system specifications stated, a 
collector pull-up resistor of as low as 16011 could be used. 
If an RL of 1k were selected, this optocoup1er would 
offer an additional end of life guardband of 81.8%. This 
worst case analysis points out that with the knowledge of 
selecting proper values of RL, the CTR performance of the 


coupler 
far exceeds 
the 
normal 
MTBF 
requirements 
for 
most commercial 
electronic 
systems. 


System 
data speed requirements 
in the multi·megabit 
range 
can 
also 
be 
communicated 
through 
an optocoupler. 
The 
first 
three 
coupler 
families 
listed 
in 
Figure 
9 
are 
not 
applicable 
in these 
very 
high 
speed 
data 
interface 
appli· 
cations; 
however, 
the 
optically 
coupled 
gate, 
6N 137, will 
function 
to speeds of up to 10 MHz. This type 
of coupler 
differs 
in 
operation 
from 
the 
single 
transistor 
and 
Darlington 
style 
units 
in 
that 
it 
exhibits 
a non·linear 
transfer 
relationship 
of IF to 10, This is shown 
in Figure 
13. 
The 
relationship 
is 
described 
as a minimum 
thres- 
hold 
of 
LED 
input 
current, 
IFth 
which 
is required 
to 
cause the output 
transistor 
to sink the current 
supplied 
by 
the pull·up 
resistor 
and interconnected 
gate. As the 
LED 
degrades, 
the effect 
is that a larger value of IF th is required 
to create 
the 
same detector 
photodiode 
current 
necessary 
to switch the output 
gate. 


In the previous 
interface 
examples, 
the worst 
case analysis 
and guardbanding 
is based on the output 
collector 
current, 
10, With 
the 
optically 
coupled 
gate, 
worst 
case 
guard- 
banding 
is concerned 
with the selection 
of the initial value 
of the IF' which 
at end of system lifetime 
will generate 
the 
necessary 
threshold 
photocurrent 
demanded 
by the gate's 
amplifier 
to change state. 
• 


The 
calculation 
of the required 
IF to allow for worst 
case 


LED 
degradation 
is 
approached 
by 
guardbanding 
the 
guaranteed 
minimum 
isolator 
input 
current, 
IFH, 
for 
a 


specified 
IOL 
and 
VOL 
interface. 
Equation 
(35) 
shows 


the relationship 
of the Ip to IF for this coupler. 


Using the concept 
that the guard banding 
of the initial value 


of 
[F 
will 
result 
in 
a 
similarly 
guardbanded 
Ip, 
the 
relationship 
presented 
in Equation 
(36) results: 


[ 
1- 
DX+201 
= iIPH] 
= [~] 
n 


100 
J 
[Ip 
IF 


IFH 


[ 
DX+20]n 
1---- 
100 


The 
previous 
interface 
example 
showed 
that 
the first term 


of the 
Dx + 20 equation 
dominated 
the magnitude 
of the 
worst 
case 
degradation. 
This 
term, 
AoRO<tn(R), 
i.e., 


(9.7 
t(k hr)·25), 
does not contain 
an IF current 
dependent 


term; 
thus, 
an 
approximation 
of 
the 
worst 
case 
LED 
degradation 
can 
be 
made 
that 
relates 
to 
the 
system's 
lifetime. 
This 
initial 
value 
of 
Dx 
+ 20 
can 
be 
used 
in 


Equation 
(37) 
to 
calculate 
the 
initial 
value 
of 
the 
IF. 


With 
this 
initial 
IF, 
a more 
accurate 
degradation 
value 


can 
be 
calculated 
using 
Equation 
(28). 
This 
procedure 


results 
in an iterative 
process 
to zero 
in on a value of IF 
that will insure reliable operation. 


Data Rate 
Logic Family 
Power Supply 
I and 2 
Component 
Tolerance 
Temperature 
Range 
Expected 
System 
Lifetime 


6 MHzNRZ 
LSTTL toTTL 
5V ± 5% 
±5% 
0- 
70°C 
203k hr (23 yr) at 50% 
System 
Use Time and 


50% Data Duty Factor 


Step 1. 
Determine 
the 
continuous 
operation 
time 
for 
LED emitter 


tcontinuous 
lifetime 
= [ts~st~m 
] [Data 
DUty] 
System 
use] 
lifetime 
Factor 
Factor 


[23 
yr 
8.76k 
hr/yr] 
[50% ] [50%] 


Dx + 20 
'" 9.7 t(k hr)·25 


D 
'" 
9.7 (50.3)·25 
x + 20 


Step 3. 
Calculate 
the first approximation 
of guardbanded 


IF- n=1.2 


5 mA 


.78 


Vcc1 (MIN) - VF (MAX) - VOL 
Rin .;;; ------------ 


IF 


4.75 - 1.7 - .4 
Rin .;;; 


.00641 


Rin (MAX) 
= 4090 


Rin (MIN) 
= 3700 


Vcc1 (MAX) - VF (MINI - VOL 


Rin (MIN) 


5.25 - 1.4· 
.4 


370 


Step 7. 
Calculate the new minimum required IF at end 
of life basedon degradationfound in Step 6. 


IFH 
r, - 22.2 Jl /1.2 
L 
100 


5 
=--= 


.81 


Vcc1 (MIN) - VF (MAX) - VOL 


Rin (MAX) 


4.75 - 1.7 -.4 


IF (MIN) 
409 


IF (MINI 
6.47mA 


Step 9. 
Rl (MIN) 
,01 


Vcc2 (MAX) - VOL 


Rl (MIN) 
IOl 
(MIN) - mill 


5.25 -.6 


.016 - .0016 


Rl (MIN) 
332n 


Step 10. 
Rl (MAX) 
, 
01 = 1 


Vcc2 (MAX) - VOH 


IOH (MAX) + mliH 


4.75 - 2.4 


250llA + 40llA 


%(MIN) = [1 _IF 
(EOl) 
100] 
IF (MIN) 


[ 


6.16mA 
] 
4.8% 
= 
1 - --- 
100 
6.47mA 


where IF (EOl) 
representsthe switching threshold at the 
end of life. 


%(MAX) = [1 _I ..F.(EOl) ] 100 


IF (MAX) 


[ 
6.16mA 
] 
34% = 
1---- 
100 
9.32mA 


The conclusions 
that are to be drawn from this analysis are 


that as long as the IF (MAX) is less than 
'FS = 14.13 mA, 


the 
worst-worst 
case eTR 
degradation 
may 
be calculated 
using only the first term, 
AoRCttn(R), 
of the Dj(+ 20 case. 
In the example 
presented, 
26% degradation 
was determined 


from the first term, and when the more accurate 
calculation 


using 
Equation 
(28) 
was 
used, 
a 22% 
degradation 
re- 


sulted. 
The 
end 
of life IF 
guardband 
may 
be calculated 
using 
Equations 
(38) 
and 
(39). 
Using 
Equation 
(38), 


the minimum 
guardband 
is 5.7%, and with Equation 
(39), 
the maximum 
guardband 
is 35%. 


• 


INTRODUCTION 


Over the past four years, the need for alphanumeric 
displays has grown very rapidly due to the extensive useof 
microprocessors in new system designs. The HDSP-6508 
and HDSP-6300alphanumeric displays were developed to 
provide a low cost, easy-to-use alternative to 5x7 dot 
matrix displays. These displays usean 18segment display 
font that includes a centered decimal point and colon for 
increased readability. This font is capable of displaying 
the 64 character ASCII subset (numbers, punctuation 
symbols, and upper case alphabet) 
as well as many 
special purpose symbols .. The HDSP-6504 and HDSP- 
6508 are 3.81 mm (0.150") red 4or 8character displays in a 
dual-in-line 
package. The HDSP-6300 is a 3.56 mm 


(0.140") red 8 character display in a dual-in-Iine package. 
The HDSP-6508 has character-to-character 
spacing on 
6.35 mm (0.250") centers while 
the HDSP-6300 has 
character-to-character 
spacing 
on 
5.08 mm (0.200") 


centers. 
Paralleling 
the development 
of these alpha- 
numeric displays have been the introduction 
of several 
new display interface circuits that simplify the use of the 
18 segment display. These circuits include an ASCII to 18 
segment decoder/driver 
and improved NPN Darlington 
digit drivers that are designed to interface directly to 5volt 
digital 
logic. This Application 
Note deals with several 
techniques 
to 
interface 
the 
18 segment 
display 
to 
microprocessor 
systems. Depending upon the overall 
system configuration, 
microprocessor time available to 
dedicate to display support, and the type of information to 
be displayed, the system designer would choose the best 
interface technique to drive an 18 segment display. 


DISPLAY 
INTERFACE 
TECHNIQUES 


This 
application 
note 
will 
deal 
with 
four 
different 
techniques, as shown in Figure 1a-d, for interfacing the 
HDSP-6508 and HDSP-6300 displays to microprocessor 
systems. 


1a. The REFRESH CONTROLLER interfaces the micro- 
processor system to a multiplexed LED display. The 
controller periodically interrupts the microprocessor 
and after each interrupt, the microprocessor supplies 
new display data for the next refresh cycle of the 
display. 
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1b. The DECODED DATA CONTROLLER refreshes a 


multiplexed 
LED display 
independently 
from 
the 


microprocessor system. A local RAM stores decoded 
display data. This data is continuously read from the 
RAM and then used to refresh the display. Whenever 
the display message is changed, the microprocessor 
decodes each character in software and writes the 
decoded data into the local RAM. 


1c. The CODED DATA CONTROLLER also refreshes a 


multiplexed 
LED display 
independently 
from 
the 


microprocessor system. The local RAM stores ASCII 
data which 
is continuously 
read from 
the RAM, 


decoded, and used to refresh the display. The display 
message is changed by writing new ASCII characters 
within the local RAM. 


1d. The DISPLAY PROCESSOR CONTROLLER uses a 


separate microprocessor to drive the LED display. 
This microprocessor provides ASCII storage, ASCII 
decode, and display refresh independently from the 
main microprocessor 
system. Software within the 


dedicated microprocessor 
provides many powerful 


features not available in the other controllers. The 
main microprocessor 
updates the LED display by 


sending new ASCII characters to the slave micro- 
processor. 


COMPARISON 
OF INTERFACE 
TECHNIQUES 


The choice of a particular interface is an important consid- 
eration because it affects the design of the entire micro- 
processor system. Each interface requires one or more 
memory or I/O addresses. These addresses are generated 
by decoding the microprocessor address bus. The display 
decoder 
can 
be 
located 
within 
the 
microprocessor 


program 
or as circuitry 
within 
the display 
interface. 


Location 
of 
the 
display 
decoder 
within 
the 
micro- 


processor program gives the designer total control of the 
display font within the program. This feature can be 
particularly important if the display will be u~edto display 
different languages and special graphics symbols. The 
interface technique chosen may limit or interfere with 
some programming techniques used in the rest of the 
microprocessor 
program. For example, the use of an 
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interrupt 
may 
restrict 
the 
use 
of 
some 
programming 
techniques 
used 
in 
the 
interruptable 
portions 
of 
the 
microprocessor 
program. 


The REFRESH 
CONTROLLER 
requires 
continuous 
inter- 


action 
from 
the microprocessor 
system. 
Since 
the micro- 


processor 
actively 
strobes 
the 
LED display, 
the 
display 


interface 
circuitry 
is reduced. 
Generally, 
this 
technique 
provides 
the 
lowest 
hardware 
cost 
for any given 
display 
length. 
The display 
decoder 
can be located 
either 
within 


the 
microprocessor 
program 
or 
as circuitry 
within 
the 


interface. 
Display 
strobing 
is accomplished 
through 
use 


of the microprocessor 
interrupt 
circuitry. 
Demands 
upon 
microprocessor 
time 
are directly 
proportional 
to display 
length. 


The DECODED 
DATA 
CONTROLLER 
and CODED 
DATA 


CONTROLLER 
require 
microprocessor 
interaction 
only 


when 
the 
display 
message 
is changed. 
Both 
techniques 


employ 
a local 
RAM memory 
that is continuously 
scanned 
by the display 
interface 
electronics. 
For the 
DECODED 
DATA 
CONTROLLER, 
the 
display 
decoder 
is 
located 
within 
the 
microprocessor 
software 
and 
the 
local 
RAM 
stores 
decoded 
display 
data. 
The 
CODED 
DATA 
CONTROLLER 
includes 
the 
display 
decoder 
within 
the 
display 
interface 
circuitry 
and the local 
RAM stores 
ASCII 
data. 
Since 
ASCII 
data 
is more 
compact 
than 
decoded 


display 
data, 
the 
CODED 
DATA 
CONTROLLER 
uses a 


smaller 
RAM than the DECODED 
DATA 
CONTROLLER. 


Both techniques 
allow 
the microprocessor 
to individually • 


change 
each display 
character 
by a memory 
or I/O write to 
a specific 
display 
address. 
These interface 
techniques 
can 
accept 
new data at a very 
high 
rate. 


The 
DISPLAY 
PROCESSOR 
CONTROLLER, 
like 
the 
previously 
defined 
CODED 
and 
DECODED 
DATA 
CONTROLLERS, 
requires 
microprocessor 
interaction 
only 
when 
the display 
message 
is changed. 
By using 
a 
dedicated 
microprocessor, 
the 
DISPLAY 
PROCESSOR 
CONTROLLER 
provides 
many 
additional 
display 
fea- 


tures. 
These 
features 
include 
multiple 
entry 
modes, 
a 
blinking 
cursor, 
editing 
commands, 
and 
a data 
output 
function. 
The 
software 
with 
the 
DISPLAY 
PROCESSOR 
CONTROLLER 
further 
reduces 
microprocessor 
inter- 
action 
by providing 
more sophisticated 
data entry 
modes 


compared 
to 
the 
RAM 
entry 
mode 
provided 
by 
the 
DECODED 
DATA 
and 
CODED 
DATA 
CONTROLLERS. 


The 
display 
decoder 
can 
either 
be 
designed 
into 
the 


dedicated 
display 
microprocessor 
or 
can 
be 
located 
within 
a separate 
PROM. 
The 
use of a PROM 
allows 
the 


user 
to 
provide 
a special 
character 
font 
with 
additional 


circuitry. 
The 
DISPLAY 
PROCESSOR 
CONTROLLER 
does 
not 
allow 
as high 
a data 
entry 
rate 
as either 
the 


DECODED 
DATA 
or CODED 
DATA 
CONTROLLERS. 


In order 
to effectively 
utilize 
the interface 
techniques 
out- 
lined 
in the following 
sections, 
an understanding 
of micro- 
processor 
fundamentals 
is required. 
A brief description 
of 
microprocessor 
fundamentals 
is included 
in the following 
section. 
A microprocessor 
system 
usually 
consists 
of a 
microprocessor, 
ROM 
memory, 
RAM 
memory, 
and 
a 


specific 
I/O 
interface 
as outline 
in Figure 
2. The 
micro- 
processor 
performs 
the 
desired 
system 
function 
by 
executing 
a program 
stored 
within 
the 
ROM. 
The 
RAM 
memory 
provides 
temporary 
storage 
for 
the 
micro- 
processor 
system. 
The 
I/O interface 
consists 
of circuitry 


that 
is used as an input 
to the system 
or as an output 
from 
the system. 
The microprocessor 
interfaces 
to this system 


through 
an address 
bus, data 
bus, and control 
bus. The 


address 
bus consists 
of several 
outputs 
(Ao, A, ,...An) from 
the 
microprocessor 
which 
collectively 
specify 
a binary 


number. 
This 
number 
or 
"address" 
uniquely 
specifies 
each 
word 
in the 
ROM 
memory, 
RAM 
memory, 
and I/O 


interface. 
The 
data 
bus 
serves 
as 
an 
input 
to 
the 


microprocessor 
during 
a memory 
or input 
read and as an 


output 
from 
the 
microprocessor 
during 
a memory 
or 
output 
write. 
The control 
bus provides 
the required 
timing 


and signals 
to the microprocessor 
system 
to distinguish 
a 


memory 
read from 
a memorj 
write, 
and in some systems 


an I/O read from 
an I/O write. 
These control 
lines and the 


timing 
between 
the address 
bus, data bus, and control 
bus 
vary for different 
microprocessors. 


The address, 
data, 
and control 
buses 
provide 
the flow 
of 


instructions 
and 
data 
into 
the 
microprocesor. 
Program 
execution 
consists 
of 
a 
series 
of 
memory 
reads 


(instruction 
fetches) 
which 
are sometimes 
followed 
by a 


memory 
read 
or 
write 
(instruction 
execution). 
The 


microprocessor 
performs 
a memory 
read 
by outputting 
the memory 
address 
of the word 
to be read on the address 


bus. 
This 
address 
uniquely 
specifies 
a word 
within 
the 


memory 
system. 
The 
microprocessor 
also 
outputs 
a 


signal 
on the 
control 
bus, 
which 
instructs 
the 
memory 


system 
to perform 
a memory 
read. 
The 
address 
selects 


one 
memory 
element, 
either 
RAM 
or 
ROM, 
within 
the 


memory 
system. 
Then, 
the 
desired 
word 
within 
the 


selected 
memory 
element 
is gated 
on the data bus by the 


read signal. 
Meanwhile, 
the unselected 
memory 
elements 


tristate 
their output 
lines so that only the selected 
memory 


element 
is active on the data bus. After sufficient 
delay, the 


microprocessor 
reads the word 
that 
appears 
on the data 


bus. 
Similarly, 
for 
a memory 
write, 
the 
microprocessor 
outputs 
the memory 
address 
of the word 
to be written 
on 


the 
address 
bus. 
After 
sufficient 
delay, 
the 
micro- 


processor 
outputs 
a signal 
on 
the 
control 
bus, 
which 
instructs 
the memory 
system 
to perform 
a memory 
write. 


The 
microprocessor 
also 
outputs 
the 
desired 
memory 
word 
on 
the 
data 
bus. 
The 
address 
selects 
one 
RAM 
memory 
element 
within 
the 
memory 
system. 
The 
write 
signal 
causes the memory 
element 
to read the word on the 
data bus and store it atthedesired 
location. 
Afterthewrite 
cycle 
has 
been 
completed, 
the 
new 
word 
will 
have 
replaced 
the 
previous 
word 
within 
the 
RAM 
memory. 
During 
the 
memory 
write, 
outputs 
from 
the 
unselected 
memory 
elements 
remain 
tristated 
so 
that 
only 
the 
microprocessor 
is active 
on the data bus. These 
control 
lines 
and 
the timing 
for the address 
bus, data 
bus, 
and 
control 
bus vary for different 
microprocessors. 


Some microprocessors, 
such as the Motorola 
6800 micro- 
processor 
family, 
handle 
memory 
and I/O 
in exactly 
the 
same 
way. 
Memory 
and 
I/O 
occupy 
a common 
address 
space 
and 
are accessed 
by the same 
instructions. 
With 
this type of microprocessor, 
the hardware 
decoding 
of the 
address 
bus determines 
whether 
the read or write 
is to a 
memory 
or I/O element. 
Other 
microprocessors, 
such as 
the 
Intel 
8080A, 
Intel 
8085A, 
and 
the 
Zilog 
Z-80 
have 
separate 
address 
spaces 
for 
memory 
and 
I/O. 
These 
microprocessors 
use different 
instructions 
for a memory 
access or an I/O access and provide 
signals 
on the control 
bus 
to 
distinguish 
between 
memory 
and 
I/O. 
One 
advantage 
of this approach 
is that the I/O address 
space 
can 
be 
made 
smaller 
to 
simplify 
device 
decoding. 
However, 
the I/O instructions 
that are available 
are usually 
not as powerful 
as the memory 
reference 
instructions. 
Of 
course, 
the 
user can always 
locate 
specific 
I/O 
devices 
within 
the 
memory 
address 
space 
through 
proper 
decoding 
of the address 
and control 
buses. 
This 
would 
allow 
these 
I/O 
devices 
to 
be accessed 
with 
memory 
reference 
instructions. 


The 6800 microprocessor 
family 
has a 161ine address 
bus, 
8 line data bus, and a control 
bus that includes 
the signals 
VMA 
(Valid 
Memory 
Address). 
R/W 
(Read/Write), 
DBE 


(Data 
Bus 
Enable), 
and 
clock 
signals 
<1>1 and 
<1>2. 
R/W 
specifies 
either 
a memory 
read or write while VMA is used 
in 
conjunction 
with 
R/W 
to 
specify 
a valid 
memory 
address. 
DBE gates the internal 
data bus of the 6800 to the 
external 
data bus. In many applications, 
DBE is connected 
to 
<1>2. Additional 
data 
hold 
time, 
tH, can be achieved 
by 
delaying 
<1>2 to the microprocessor 
or by extending 
DBE 
beyond 
the 
falling 
edge 
of 
<1>2. The 
timing 
between 
the 
address 
bus, data bus, VMA, and R/W for a memory 
write 
is shown 
in Figure 
3. 


For the 8080A 
microprocessor, 
the address 
bus consists 
of 16 lines, the data bus consists 
of 8lines, 
and the control 
bus consists 
of several lines inclUding 
DBIN (Data Bus In), 
WR (Write), 
SYNC 
(Synchronizing 
Signal). 
READY, 
and 
clock 
signals 
<1>1 and 
<1>2. DBIN and WR are used to specify 
a read 
or 
write 
operation. 
The 
8080A 
microprocessor 
distinguishes 
memory 
from 
I/O through 
the use of a status 
word 
that 
precedes 
every 
machine 
cycle. 
When SYNC 
is 
high, 
the status 
word 
should 
be loaded 
into an octal latch 
on the positive 
edge of <1>1. The outputs 
from the latch can 
then be decoded 
to specify 
whether 
the machine 
cycle is a 
memory 
write, 
memory 
read, 
I/O write, 
or I/O read. The 
Intel 
8228 or 8238 System 
Controller 
provides 
this status 
latch 
and 
additionally 
encodes 
the outputs 
of the status 
latch 
with 
DBIN 
and WR to generate 
four 
timing 
signals 
MEM 
R (Memory 
Read), 
MEM W (Memory 
Write), 
I/O R 


(I/O 
Read), and I/O W (I/O Write). 
However, 
the 8228 and 
8238 do not provide 
the outputs 
of the status 
latch. 
The 
timing 
between 
the address 
bus, data bus, WR, and SYNC 
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for 
both 
a memory 
write 
and 
an 
I/O 
write 
is shown 
in 
Figure 
4. The 8080A also provides 
an input, 
READY, which 
allows 
the memory 
system 
to extend 
the time the address 
and data bus is valid 
by integral 
clock 
cycles. 


REFRESH 
CONTROLLERS 


Figure 
5 shows 
a REFRESH 
CONTROLLER 
for 
a 16 
character 
18 segment 
alphanumeric 
display. 
The circuit 
operates 
by interrupting 
the microprocessor 
at a 1600 Hz 
rate. 
Following 
each 
interrupt, 
the 
microprocessor 


responds 
by outputting 
a new 
ASCII 
character 
to 
the 
• 
Texas 
Instruments 
AC5947 
ASCII 
to 
18 
Segment 
-:: 
Decoder/Driver 
and a new digit 
word to the 74LS174. 
The 
character 
font 
for the AC5947 
is shown 
in Figure 
6. The 
outputs 
of the 74LS174 
are decoded 
such that digit 
word 
0016 turns 
the leftmost 
display 
character 
on, digit 
word 
OF'6 turns 
the 
rightmost 
display 
character 
on, and digit 
word 
1F'6 
turns 
all 
digits 
off. 
The 
interface 
can 
be 
expanded 
to 24 characters 
with 
an additional 
Signetics 
NE590 
driver. 
This 
change 
would 
also 
require 
modifi- 
cations 
in IF peak, and the interrupt 
rate. 
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Figure 5. 6800 or 8080A Microprocessor 
Interlace to the HDSP-6508 REFRESH CONTROLLER Utilizing the Texas Instruments 


AC5947 ASCII to 18 Segment Decoder/Driver 
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A 6800 microprocessor 
program that interfaces to this 
REFRESHcontroller is shown in Figure 7. Following each 
interrupt, the program "RFRSH" is executed. The program 
uses a scratch pad register "POINT" that points to the 
location within a 16 byte ASCII message of the next ASCII 
character to be stored in the display interface. The scratch 
pad register "DIGIT" contains the next digit word to be 
loaded into the display interface. The program interfaces 
to the circuit through two memory or I/O addresses. A 
memory write to address "SEG" writes a six bit word into 
the AC5947, and a memory write to address "DIG" writes a 
five bit word into the 74LS174. To prevent undesirable 
ghosting, the digit drivers are turned off prior to loading 
the next ASCII character into the AC5947. After sufficient 


delay, the next digit is turned on. Registers "POINT" and 
"DIGIT" 
are then updated by the program. Following 
execution of the "RTI" instruction, execution of the main 
program is resumed. A similar program written for an 
8080A microprocessor 
is shown in Figure 8. The 6800 
microprocessor program shown in Figure 7 operated with 
a 1 MHz clock requires 0.11% + 0.72n% of the available 
microprocessor time to refresh the display at a 100 Hz 
refresh rate, where n is the display length. The 8080A 
microprocessor 
program 
shown 
in 
Figure 
8 
when 
operated with a 2 MHz clock requires 0.31%+ 0.96n% of 
the available microprocessor time to refresh the display at 
a 100 Hz refresh rate, where n is the display length. For 
example, the 16 character display shown in Figure 5 


LOC 
OBJECT 
CODE 
SOURCE 
STATEMENTS 


BF04 
SEC 
EQU 
SBF04 


BFOS 
DIC 
EQU 
SBFOS 


0000 
0003 
POINT 
FOB 
DATA 
0002 
00 
DIGIT 
FCB 
0 
0003 
DATA 
RMB 
16 


0400 
ORC 
S0400 
0400 
DE 
00 
RFRSH 
LDX 
D,POINT 
0402 
E6 
00 
LOA 
B 
X,O 
0404 
86 
IF 
LDAA 
I.SIF 
0406 
B7 
BF05 
STAA 
E.DIG 
0409 
F7 
BF04 
STA 
B 
E.sEG 
040C 
96 
02 
LOA 
A 
D.OIGIT 
040E 
81 
OF 
CMPA 
1,15 
A·15? 
0410 
27 
OA 
BEQ 
LOOP I 


0412 
7C 
0002 
INC 
E,DlGIT 


0415 
08 
INX 
0416 
B7 
BFOS 
STA 
A 
E.OIG 
0419 
OF 
00 
STX 
O,POINT 
O4IB 
3B 
RTI 


041C 
7F 
0002 
LOOPI 
CLR 
E,OIGIT 
041F 
F6 
0001 
LOA B 
E,POINT+I 
0422 
B7 
BF05 
STAA 
E.OIG 
I 


0425 
CO 
OF 
SUB B 
1.15 
0427 
07 
01 
STA 
B 
O,POINT+I 
0429 
24 
03 
BeC 
LooPl 
042B 
7Aסס oo 
OEC 
E,POINT 
042E 
3B 
LOOP2 
RTI 
e 


LOC 
OBJECT CODE 
SOURCE STATEMENTS 


OOIC 
SEG 
EQU 
OOICH 


OOID 
DIG 
EQU 
OOIDH 


ORG 
OEOOOH 
EOOO 
03 
EO 
POINT 
DW 
DATA 
E002 
00 
DIGIT 
DB 
OOH 
E003 
00 
DATA 
DS 
16 


ORG 
OE400H 
E400 
F5 
RFRSH 
PUSH 
PSW 
E401 
E5 
PUSH 
H 


E402 
2A 
OOEO 
LHLD 
POINT 


E405 
3E 
IF 
MVI 
A,IFH 


E407 
03 
10 
OUT 
DIG 
E409 
7E 
MOV 
A.M 


E40A 
D3 
IC 
OUT 
SEG 
E40C 
JA 
02EO 
LDA 
DIGIT 
E40F 
D3 
ID 
OUT 
DIG 
E411 
FE 
OF 
CPI 
15 


E413 
CA 
21E4 
JZ 
LOOP I 


E416 
3C 
INR 
A 
E417 
32 
02EO 
STA 
DIGIT 
E41A 
23 
INX 
H 
E41B 
22 
OOEO 
LOOP2 
SHLD 
POINT 
E41E 
EI 
POP 
H 
E41F 
FI 
POP 
PSW 
E420 
C9 
RET 
E421 
3E 
00 
LOOP I 
MVI 
A.O 


E423 
32 
02EO 
STA 
DIGIT 
E426 
7D 
MOV 
A,L 
E427 
D6 
OF 
SUI 
15 
E429 
6F 
MOV 
L,A 
E42A 
D2 
IBE4 
JNC 
LOOP2 
E42D 
25 
OCR 
H 


E42E 
C3 
IBE4 
JMP 
LOOP2 


requires 
11.6% of the 6800 microprocessor 
time or 15.7% 
of the 8080A microprocessor 
time to refresh 
the display 
at 
a 100 Hz refresh 
rate. 
Faster 
versions 
of the 
6800 
and 
8080A 
microprocessors 
can 
reduce 
this 
microprocessor 
time 
by 50%. 


DECODED 
CONTROLLERS 


Figure 
9 
shows 
a 
DECODED 
DATA 
CONTROLLER 
designed 
for 
a 32 character 
18 segment 
alphanumeric 
display. 
To simplify 
the circuitry, 
the display 
is configured 
as a 14segment 
display 
with decimal 
point and colon. 
This 
allows 
each display 
character 
to be specified 
by two 8 bit 
words. 
One 
possible 
display 
font 
is shown 
in Figure 
10. 


The 
Motorola 
6810 RAM 
stores 
64 bytes 
of display 
data 
that are continually 
read and displayed. 
The display 
data 
is organized 
within 
the RAM such 
that addresses 
As, A4, 


A3, A2, and Al specify 
the desired 
character 
and address 
Ao differentiates 
between 
the two words 
of display 
data for 
each 
character. 
The 
display 
data 
is formatted 
such 
that 
word 
0 (07-001 
is decoded 
as G2, G1. F, E, 0, C, B, and A; 


and word 
1 (07-001 
is decoded 
as COLON, 
DP, M, L, K, J, 


I, and H. The display 
data is coded low true such that a low 
output 
turns 
the appropriate 
segment 
on. Strobing 
of the 
display 
is accomplished 
with 
the 74LS14 
oscillator 
and 
74LS393 
counter. 
The counter 
continuously 
reads display 
data 
from 
the 
RAM 
and 
enables 
the 
appropriate 
digit 
driver. 
The time 
allotted 
to each 
digit 
is broken 
into fOL r 
segments. 
During 
the first segment 
of time, the display 
is 
turned 
off and work 
0 is read from 
the RAM and stored 
in 


the 
74LS273 
octal 
register. 
During 
the 
next 
three 
segments 
of time, 
word 
1 is read from 
the RAM and the 
display 
is turned 
on. Thus, the display 
duty factor 
is (1/321 


(3/41 or 1/42.6. For values of Rand C specified, 
the display 


is strobed 
at a 130 Hz refresh 
rate. 


Data is entered 
into the RAM from 
the address 
and data 
bus 
of the 
microprocessor 
via 
two 
control 
lines, 
Chip 
Select 
and Write. When Chip Select 
goes low, the address 
generated 
by 
the 
counter 
is disabled 
and 
the 
micro- 
processor 
address 
and 
data 
bus ~ted 
to the 
RAM. 


Then, 
after 
sufficient 
delay, 
the 
Write 
input 
is pulsed, 


which 
stores 
the 
data 
within 
the 
RAM. 
The 
data 
entry 


timing 
for 
the 
18 
segment 
DECODED 
DATA 
CON- 
TROLLER 
is 
shown 
in 
Figure 
11. 
Because 
of 
the 
requirement 
that the address 
inputs 
of the 6810 RAM must 


be stable 
prior 
to the falling 
edge 
of Write, 
Chip 
Select 
should 
go 
low 
for 
time 
tcw 
prior 
to the falling 
edge 
of 
Write. To guarantee 
that the address 
and data inputs 
of the 
RAM remain 
stable 
until 
after Write goes high, Chip Select 
should 
remain 
low for time tCH following 
the rising 
edge of 


Write. 
Thi~ requirement 
for two separate 
timing 
signals 
is 


also 
required 
for 
the 
CODED 
DATA 
CONTROLLER 
shown 
in 
Figure 
15. 
Because 
this 
interface 
timing 
is 
somewhat 
more 
difficult 
than 
the 
previously 
described 
circuits, 
the 
following 
methods 
are 
presented 
for 
interfacing 
to commonly 
used 
microprocessors. 


Interface 
to 
the 
6800 
microprocessor 
family 
is accom- 
plished 
by NAN Ding 
together 
VMA 
and some 
specified 


combination 
of high order 
address 
lines to generate 
Chip 
Select 
and using 
q,2 to generate 
Write. 


For 
the 
8080A 
and 
8085A 
microJrocessor 
families, 
the 


limited 
flexibility 
of the output 
instruction 
requires 
that the 


18 segment 
DECODED 
DATA 
CONTROLLER 
must 
be 
addressed 
as memory 
instead 
of I/O. 
The 8080A 
micro- 
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processor requires an external status latch to hold status 
information 
provided during 
program execution. This 
status latch function can be implemented with an octal 
register such as the Intel 8212 or 74LS273. A Memory 
Write signal can be generated by NORing together all 
outputs 
of this status latch. This signal can then be 
NANOed with some specified combination of high order 
address lines to generate Chip Select. The 8080A WR 
output can then be connected to Write. The Intel 8238 
System Controller, 
which is commonly 
used with the 
8080A microprocessor, 
prevents direct access to the 
outputs of the status latch. An example of an interfacing to 


a system utilizing the 8238 is illustrated in Figure 9. MEM 
W from the 8238 is inverted and then NANOed with some 
specified 
combination 
of high order address lines to 
generate Chip Select. The 74LSl13 generates Write from 
the microprocessor clock, 
<1>2 (TTL). 


Interface to the 808SA microprocessor 
family can be 
accomplished 
by 
inverting 
the 
IIOIM 
output 
and 
NANDing the resulting signal with the Sooutput and some 
specified 
combination 
of high order address lines to 
generate 
Chip 
Select. 
The 
WR 
output 
from 
the 
microprocessor is connected directly to Write. 
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I 
I 
I 
I 


I 
I 
I 
I 
-, 
1 


PARAMETER 
SYMBOL 
MIN. 


WRITE 
CYCLE 
twe 
425n$ 


WAITE 
DELAY 
tAw 
65", 


CHIP ENABLE 
TO WAITE 
tew 
650$ 


DATA 
SETUP 
tow 
210n$ 


DATA HOLD 
tOH 
35 •• 


WRITE 
PULse 
tw. 
325ns 


WAITE 
RECOVERY 
tWR 
25ns 


CHIP ENABLE 
HOLD 
teH 
35•• 


8080A MICROPROCESSOR INTERFACE 


I 
I 


VALlO:AOORESS! 
! I 
I i VAliD0+ 
i I 


I 
I 
1 
_ 


I 
I I 


! 
I. 


I 
I 
-----.U-- 


? 


PADl 
.- ADDRESS 
OF DISPLAY 


LOC 
OBJECT 
CODE 
SOURCE 
STATEMENTS 


BFoo 
DSPLY 
EQU 
SBFoo 
0600 
DECDR 
EQU 
S0600 


0000 
0006 
ASCII 
FDB 
MESSGE 


0002 
BFoo 
PADI 
FDB 
DSPLY 


0004 
0600 
PAD2 
FDB 
DECDR 
0006 
MESSGE 
RMB 
32 


0400 
ORG 
S0400 
0400 
CE 
BFoo 
LOAD 
LDX 
I,DSPLY 


0403 
DF 
02 
STX 
D,PADI 


0405 
CE 
0600 
LOX 
I,DECDR 


0408 
DF 
04 
STX 
D,PAD2 
040A 
DE 
00 
LOOP I 
LOX 
D,ASCII 


O4OC 
A6 
00 
LOA 
A 
X,O 
040E 
08 
INX 
040F 
DF 
00 
STX 
D,ASCII 


0411 
48 
ASLA 
0412 
97 
05 
STAA 
D,PAD2+1 


0414 
DE 
04 
LOX 
D,PAD2 


0416 
A6 
00 
LDAA 
X,O 
0418 
E6 
01 
LDA 
B 
X,I 


O4IA 
DE 
02 
LDX 
D,PADI 


O4IC 
A7 
00 
STAA 
X,O 
O4IE 
08 
INX 


O4IF 
E7 
00 
STA 
B 
X,O 
0421 
08 
INX 
0422 
DF 
02 
STX 
D,PADI 


0424 
8C 
BF40 
CPX 
I,DSPLY+64 


0427 
26 
EI 
BNE 
LOOP I 
0429 
39 
RTS 


The simplest 
interface 
to the Z-80 microprocessor 
family 
is 
accomplished 
by 
addressing 
the 
18 segment 
DE- 
CODED 
DATA 
CONTROLLER 
as I/O instead 
of memory. 
An example 
of this 
interface 
is shown 
in Figure 
15. The 
10RO output 
is inverted 
and NANDed 
with some specified 
combination 
of address 
lines to generate 
Chip Select. The 
74LS113 
circuit 
generates 
Write from 
the inverted 
micro- 
processor 
clock ¢. 


A 6800 microprocessor 
program 
that interfaces 
to the 18 
segment 
DECODED 
DATA 
CONTROLLER 
is shown 
in 
Figure 
12. This program 
decodes 
32 ASCI I characters 
and 
stores 
the 
resulting 
decoded 
display 
data 
within 
the 


display, 
The 
scratch 
pad 
register 
"ASCII" 
points 
to the 


location 
of the next 
ASCII 
character 
to be decoded. 
The 


program 
reads 
the first 
ASCII 
character, 
increments 
the 
point, 
"ASCII," 
and then 
looks 
up two 
words 
of display 
data 
within 
the 
64 
character 
ASCII 
look-up 
table 


"DECDR." 
These 
words 
of display 
data are then stored 
at 


the 
two 
addresses 
for 
the 
leftmost 
display 
location. 


Subsequent 
ASCII 
characters 
are decoded, 
and stored 
at 
the 
appropriate 
address 
within 
the 
display 
until 
all 
32 
characters 
have 
been 
decoded, 
After 
the 
program 
is 
finished, 
the pointer 
"ASCII" 
will have been incremented 
by 32. This 
program 
requires 
2.4 ms for a 1 MHz clock 
to 
decode 
and load 32 ASCII 
characters 
into the 18 segment 


DECODED 
DATA 
CONTROLLER. 
The 
corresponding 
8080A 
microprocessor 
program 
is shown 
in Figure 
13, 


This program 
requires 
1.4 ms for a 2 MHz clock 
to decode 


and 
load 
32 
ASCII 
characters 
into 
the 
18 
segment 
DECODED 
DATA 
CONTROLLER. 


The 
64 character 
ASCII 
font 
shown 
in Figure 
10 can be 
generated 
using 
the table shown 
in Figure 
14, This ASCII 


decoder 
uses two 
8 bit words 
to represent 
each 
ASCII 


character. 
The format 
of the decoder 
is consistent 
with 


either 
the 6800 microprocessor 
program 
shown 
in Figure 


12 or the 8080A microprocessor 
program 
shown 
in Figure 


13. 


CODED 
DATA 
CONTROLLERS 


Figure 
15 
shows 
a 
CODED 
DATA 
CONTROLLER 
designed 
for 
a 32 character 
18 segment 
alphanumeric 


display. 
Operation 
of 
this 
circuit 
is 
similar 
to 
the 


DECODED 
DATA 
CONTROLLER 
shown 
in 
Figure 
9 
except 
that the Motorola 
6810 RAM stores 
32 six bit ASCII 


words 
and the Texas 
Instruments 
AC5947 
decodes 
this 


ASCII 
data 
into 
18 segment 
display 
data. 
The 
resulting 
display 
font is shown 
in Figure 
6. Strobing 
of the display 
is 


accomplished 
by 
the 
74LS14 
oscillator 
and 
74LS393 


counter, 
Because 
the long propagation 
delay through 
the 


AC5947 
tends 
to 
cause 
display 
ghosting, 
the display 
isI 


LOC 
OBJECT 
CODE 
SOURCE 
STATEMENTS 


BFOO 
DSPLY 
EQU 
OBFOOH 


ORG 
OEOOOH 
EOOO 
02 
EO 
ASCII 
OW 
DATA 
EOO2 
00 
DATA 
DS 
32 


ORG 
OE400H 


E400 
01 
OOBF 
LOAD 
LXl 
B,DSPLY 
E403 
II 
OOE5 
LXl 
D,DECDR 
E406 
2A 
OOEO 
LHLD 
ASCII 
E409 
7E 
LOOP I 
MaY 
A,M 
E40A 
23 
INX 
H 
E408 
07 
RLC 
E40C 
5F 
MOV 
E,A 
E40D 
IA 
LDAX 
D 
E40E 
02 
STAX 
B 
E40F 
13 
INX 
D 
NOT DONE 
£410 
03 
INX 
B 


E411 
IA 
LDAX 
D 
£412 
02 
STAX 
B 


£413 
03 
INX 
B 
E414 
79 
MaY 
A,C 
£415 
FE 
40 
CPI 
64 
E417 
C2 
O9E4 
JNZ 
LOOP I 
E4JA 
22 
OOEO 
SHLO 
ASCII 


£41D 
C9 
RET 


C " ADDR ESS OF 
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ASCII 
SYMBOL 
WORD 
0 
WORD 
I 
ASCII 
SYMBOL 
WORD 
0 
WORD 
I 


20 
(SP~CE) 
FF 
FF 
40 
~ 
44 
Fa 


21 
FF 
BD 
41 
A 
08 
FF 


22 
DF 
FD 
42 
B 
70 
ED 


23 
# 
36 
ED 
43 
C 
C6 
FF 


24 
l 
12 
ED 
44 
D 
FO 
ED 


25 
% 
IB 
D2 
45 
E 
86 
FF 


26 
~ 
F2 
CA 
46 
F 
8E 
FF 


27 
FF 
FD 
47 
G 
42 
FF 


28 
FF 
F3 
48 
H 
09 
FF 
29 
FF 
DE 
49 
I 
F6 
ED 


2A 
3F 
CO 
4A 
J 
EI 
FF 


2B 
3F 
ED 
4B 
K 
8F 
F3 


2C 
FF 
DF 
4C 
L 
C7 
FF 


2D 
3F 
FF 
4D 
M 
C9 
FA 


2E 
FF 
BF 
4E 
N 
C9 
F6 


2F 
I 
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Figure 14, 64 Character 
ASCII 
Decoder Table lor the Microprocessor 
Programs Shown in Figures 12 and 13, 18 Segment 
Display Font is Shown in Figure 10, 
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HOLD 
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blanked 
momentarily 
after 
each 
new 
character 
is read 
from 
the RAM. This is accomplished 
by breaking 
the total 
time allotted 
for each digit 
into four segments. 
During 
the 
first 
segment, 
the 
display 
is turned 
off to allow 
data to 
ripple 
through 
the 
AC5947 
and 
during 
the 
next 
three 
segments, 
the display 
is turned 
on. The resulting 
display 
duty 
factor 
is (1/32) 
(3/4) or 1/42.6. The display 
is strobed 
at a 130 Hz refresh 
rate. 


Data is entered 
into the RAM from 
the address 
and data 
bus 
of 
the 
microprocessor 
via 
two 
control 
lines 
Chip 
Select and Write. When Chip Select goes low, the address 
from 
the 
counter 
is tristated 
and 
the 
microprocessor 
address 
bus and data bus is gated to the RAM. Then after 
sufficient 
delay, the Write input 
is pulsed, 
which 
stores the 
data within 
the RAM. Data entry timing 
for the 18 segment 
CODED 
DATA 
CONTROLLER 
is shown 
in 
Figure 
16. 


Since 
this timing 
is very similar 
to the DECODED 
DATA 
CONTROLLER 
shown 
in Figure 
9, interface 
to the various 
microprocessor 
families 
is the same as described 
in the 
section 
on DECODED 
DATA 
CONTROLLERS. 


DISPLAY 
PROCESSOR 
CONTROLLERS 


The 
DISPLAY 
PROCESSOR 
CONTROLLER 
provides 
a 
powerful, 
smart 
interface 
which 
performs 
many 
of the 
functions 
normally 
found 
in 
a 
small 
terminal. 
The 


DISPLAY 
PROCESSOR 
CONTROLLER 
is 
designed 
around 
a slave microprocessor 
or custom 
LSI integrated 


circuit 
that provides 
display 
storage 
and multiplexing 
with 
a 
very 
minimum 
of 
circuit 
complexity. 
The 
simplest 
DISPLAY 
PROCESSOR 
CONTROLLER 
designed 
for a 16 
digit 
18 segment 
alphanumeric 
display 
is shown 
in FigurA 


17. 
This 
circuit 
is 
designed 
around 
the 
Intel 
8279 


Programmable 
KeyboardlDisplay 
Interface. 
This LSI chip 
contains 
the circuitry 
necessary 
to interface 
directly 
to a 
microprocessor 
bus 
and 
provides 
a 16 x 8 RAM, 
pro- 


grammable 
scan 
counter, 
and 
keyboard 
debounce 
and 


control 
logic. 
While the 8279 is specifically 
designed 
for 7 


segment 
displays, 
inclusion 
of 
the 
Texas 
Instruments 
AC5947 
ASCII 
to 18 segment 
decoder/driver 
allows 
the 
use 
of 
an 
18 segment 
alphanumeric 
display. 
The 
8279 


Keyboard/Display 
Controller 
interfaces 
to 
a micropro- 


cessor 
via an eight 
line 
bidirectional 
Data 
Bus, control 
lines 
RD 
(Read), 
WR 
(Write), 
CS 
(Chip 
Select), 
Ao 


(Command/Data), 
RESET, IRQ (Interrupt 
Request), 
and a 
clock 
input, 
CLK. The display 
is scanned 
by outputs 
AO-3 


and BO-3 which 
are connected 
tothe 
inputs 
of the AC5947, 


and 
outputs 
SLO-3 which 
are 
connected 
to 
the 
digit 


scanning 
circuitry. 
The 
74LS122 
is 
used 
to 
provide 


interdigit 
blanking 
to prevent 
display 
ghosting. 
In addition 
to display 
scanning, 
the 8279 also has the ability 
to scan 
many 
different 
types 
of encoded 
or decoded 
keyboards, 


X-Y matrix 
keyboards, 
or provide 
a strobed 
data input 
to 


the 
microprocessor. 
The 
8279 provides 
for either 
block 


data entry, 
where 
data enters 
from 
left to right 
across 
the 


display 
overflowing 
to the leftmost 
display 
location; 
right 
data entry, 
where 
data enters 
at the righthand 
side of the 


display 
and previous 
data shifts 
toward 
the left; and RAM 


data 
entry, 
where 
a four 
bit 
field 
in the 
control 
word 
specifies 
the address 
at which 
the next data word 
will 
be 


written. 
The 8279 allows 
data written 
into the display 
to be 


read by the microprocessor, 
and provides 
commands 
to 


either 
blank 
or clear 
the display. 


The HDSP-8716/-8724/-8732/-8740 
DISPLAY 
PROCES- 
SOR 
CONTROLLER 
shown 
in Figure 
18 is designed 
to 


provide 
a flexible 
18 segment 
display 
interface 
for displays 


up 
to 
40 
characters 
in 
length. 
This 
circuit 
utilizes 
a 


dedicated 
Intel 
8048 
single 
chip 
microprocessor 
to 


provide 
features 
such as a blinking 
cursor, 
display 
editing 


routines, 
multiple 
data 
entry 
modes, 
variable 
display 


string 
length, 
and data out. This controller 
is available 
as a 


series 
of printed 
circuit 
board 
subsystems 
of 16, 24, 32, 


and 
40 characters 
in length. 
The 
user 
interfaces 
to the 


8048 
microprocessor 
through 
eight 
Data 
In inputs, 
six 


Address 
inputs, 
a Chip 
Select 
input, 
Reset 
input, 
Blank 
input, 
six 
Data Out 
outputs, 
Data Valid 
output, 
Refresh 
output, 
and 
Clock 
output. 
The 
software 
within 
the 8048 


microprocessor 
provides 
four 
data 
entry 
modes 
- 
Left 


Entry with a blinking 
cursor, 
Right Entry, 
Block 
Entry, and 


RAM Entry. 
The Data Out port allows 
the user to read the 


ASCII 
data 
stored 
within 
the 
display, 
determine 
the 
configured 
data entry mode and display 
length, 
and locate 


the 
position 
of the 
cursor 
within 
the display. 
Since 
the 


Data 
Out 
port 
is separate 
from 
the 
Data 
In port, 
the 
18 


segment 
DISPLAY 
PROCESSOR 
CONTROLLER 
can be 


used 
for 
text 
editing 
independent 
of 
the 
main 
micro- 


processor 
system. 
In 
Left 
Entry 
mode, 
the 
controller 


provides 
the Clear, Carriage 
Return, 
Backspace, 
Forward- 
space, 
Insert, 
and Delete editing 
functions; 
while 
in Right 


Entry 
mode, the controller 
provides 
Clear and Backspace 


editing 
functions. 
The 
controller 
can also 
be expanded 


into 
mUltiple 
line panels. 


The 8048 microprocessor 
interfaces 
to the display 
via the 


Port 
2 output. 
The 
output 
is configured 
to 
enable 
the 


microprocessor 
to 
send 
a six 
bit word 
to one 
of three 


destinations 
as selected 
by P26and P27.The PROG output 
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is then used to store this word at the specified destination. 
Destinationo is the 74LS174 hex register. The outputs of 
this register are decoded by the 74LS259 addressable 
latches and Sprague ULN 2815digit drivers. Output 3F16is 
decoded to turn on the rightmost display digit while the 
address of the leftmost display digit varies from 1816for a 
40 character display to 3016for a 16 character display. 
Destination, 
is the AC5947 18 segment decoder/driver. 


The positive edge of PROG stores a six bit ASCII code 
within the AC5947. Because destination1 is pulsed once 
every time a digit is refreshed, this output is also used as 
the Refresh output. Destination2 is the Data Valid output 
of the Data Out port. Thus, Data Out actually consists of a 
series of six bit words that are sent to Destination2. Display 
refresh is accomplished by first turning off the digit drivers 
by outputting 
a 016 to the 74LS174. Then a new ASCII 
character is stored within the AC5947. Finally, a new digit 


word is stored within the 74LS174. The actual time that 
each digit is on varies according to the configured display 
length so as to provide a fixed 100 Hz refresh rate. 


Interfacing the DISPLAY PROCESSOR CONTROLLER 
shown in Figure 18 to microprocessor systems depends 
on the needs of the particular 
application. 
Since theI 
information on the Data In and Address inputs is loaded 
into the controller 
through 
a program within the 8048 
-:__ 
microprocessor, the time required to read these inputs 
varies from about 100 to 700 microseconds. A latch as 
shown in the HDSP-8716/-8724/-8732/-8740 Data Sheet 
can be used as a buffer between these inputs and the data 
bus and address bus of the main microprocessor system. 
The latch provides temporary storage to avoid making the 
main microprocessor wait for the DISPLAY PROCESSOR 
CONTROLLER to accept data. 
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The 18 segment DISPLAY PROCESSOR CONTROLLER 
shown in Figure 18 can also be interfaced to the main 
microprocessor 
system through 
a Peripheral Interface 
Adapter (PIA). The Data In inputs of the controller would 
be connected to an output port of the PIA. In RAM Entry 
mode, the Address inputs of the controller would be con- 
nected to another output port of the PIA. The PIA provides 
a handshake back to the main microprocessor system that 
tells when the DISPLAY PROCESSOR CONTROLLER is 
ready to accept another data input word from the main 
microprocessor. 
This allows the microprocessor 
to load 
data into the controller at the highest possible rate. A PIA 
can also be used to allow the 18 segment DISPLAY 
PROCESSOR CONTROLLER to act as a buffer between a 
keyboard and the main microprocessor. 
In this configur- 


ation, 
the main processor 
could 
output 
a prompting 
message to the user via the 
DISPLAY PROCESSOR 
CONTROLLER. The user could then enter data from the 
keyboard into the display utilizing the controller's editing 
capability. After the message has been entered and edited, 
the user would instruct the main microprocessor to read 
the final edited message from the Data Out port. One port 
from the PIA can be used to control the Data In inputs of 
the DISPLAY PROCESSOR CONTROLLER and another 
port of the PIA can be used to read the Data Out port. 
Figure 19 shows a 6800 microprocessor 
system using a 
Motorola 6821 PIA to control the DISPLAY PROCESSOR 
CONTROLLER shown in Figure 18.The PB7output of the 
PIA determines whether data is entered into the controller 
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198 
9 
+ 
20JlF 
- t-2L 
0, 
CB, 
-= 
- t--ll- 
• 
1. 
1K 
,. 
0, 
PA, 
4A 
i-E- 


8 
11 
3A 
74L5157 
- 
CS, 
PA, , 
, 
PAs 
2A 
- ~ 
CS, 
PA, • 
2 


'A 


12 
2. 


.Y 
01, 


f-E.< 
21- 
4B 
3Y 
9 
'B 
01, 
- 
CS2 
,. 
, 
,. 


3B 
2Y 
ols 
- ~ 
RS, 
• 
2B 
'Y 
• 
,. 
01, 


~ 


3 
1B 
- 
RS, 
....!... 


t-2!- 
f- 
SEL 
- 
RM 
.!2... 


ST 
HDSP- 
- ~E 
-=- 
8716/8724/ 
8732/8740 


-~ 
A""ESEf 
, 
,. 
DISPLAY 


PA, 
.A 
PROCESSOR 


----.1'-<: 
PA, 
• 
11 
3A 
74LS157 
CONTROLLER 


!ROB 
3 
, 


PA, 
2A 


PA, 
2 
2 
lA 
.Y 
'2 
'2 
01, 


13 
.6 
3Y • 
1. 
01, 


MOTOROLA 
,. 
3B 
2Y , 
8 
01, 


6821 
• 
2B 
'Y 
• 
• 
01, 
3 
'B 
~ 
SEL 


40 
-t- ST 


CA, 
28 
READY 
22K 
u 1000pF 


39 
Vcc 
1\ 
I 
CA, 
, )4Dw- 
'3 
11 
~ 


21 
s 
CS 


&0' U 


74LS132 
4 
B; 74lS122 


..!.<: 
A, 


~l>A, 
1i. 


'-- 
~ 
CL 
" 
, 


1\ 1000pF 
-b 


ER06 °50.°3 
02 0100 
51 
I 


MICRQSWITCH 61SW1Z-1 KEYBOARD 
I 


• PORT 
CONFIGURATION: 
-I. 
PORTA: 
· 


PAO-PA7 
OUTPUTS 
TO DATA 
IN OF HDSP-87XX 
CAI 
(INPUT) 
MODE 
00 SETS 
FLAG 
NEG 
EDGE 
OF 
READY 
PRA 
0-- FFH 
CA2 
(OUTPUT) 
MODE 
100 CLEARED 
MPU 
READ 
PRA, 
SET 
OUTPUT 
DATA OUT 


NEGATIVE 
EDGE 
OF 
READY 
CONTROL 
WORD TO DISPLAY 


• 2, 
PORT 
B: 
· 
PBO-PB5 
INPUTS 
DATA 
TO 6800 
FROM 
DATA 
OUT 
OF 
HDSP 
CB! 
(INPUT) 
MODE 
10 SETS 
FLAG 
POS 
EDGE 
OF DATA 
VA 
FORCE CA2 LOW; CLEAR 
eBl 
flAG 
CB21INPUT) 
MODE 
000 
SETS 
FLAG 
NEG 
EDGE 
OF 
ER KEY 
CLEAR 
INTERRUPT 
REQUEST 


CB2 
INPUT) 
MODE 
001 
SETS 
FLAG 
NEG 
EDGE 
OF 
ER KEY 
FROM IROB 


CAUSING 
IRQ 
PB7 (OUTPUT) 
LOW ENABLES 
PAO-PA7 
TO MUX 
B •...DISPLAY 
LENGTH'" 
2 
HIGH 
ENABLES 
KEYBOARD 
TO MUX 
AND 
KEY 


8008 
PRA 
EQU 
18008 
A1 •...CB1 flAG 
8008 
DRA 
EQU 
18008 
SET ON POSITIVE 
EDGE 
8009 
CRA 
EQU 
18009 
OF DATA VALID 
800A 
PRB 
EQU 
1800A 
WAIT 
FOR 
DATA 
VALID 


800A 
DRB 
EQU 
1800A 
800B 
CRB 
EQU 
1800B 
eBl 
FLAG CLEARED? 
0028 
LENGTH 
EQU 
40 
MUST 
BE SAME 
AS LENGTH 


סס oo 
ORG 
1סס OO 
סס oo 
0002 
MESSGE 
FDB 
TEXT 


0100 
ORG 
10100 
NOT DONE 
0100 
STATUS 
RMB 
I 
0101 
CURSOR 
RMB 
I 
(X)-A 
0102 
DATA 
RMB 
40 
STORE DATA OUT WORD 


0400 
ORG 
10400 
x--x .•., 
0400 
CE 
0100 
READ 
LOX 
I,STATUS 
0403 
7F 
800A 
CLR 
E,PRB 
ENABLE 
PORT 
A TO MUX 
0406 
86 
FF 
LDAA 
I,IFF 
B +- B-1 
0408 
B7 
8008 
STAA 
E,PRA 
BEGIN 
DATA 
OUT 
SEQUENCE 
040B 
7D 
8008 
TST 
E,PRA 
CLEAR 
CA I AND 
CA2 
040E 
7D 
800A 
TST 
E,PRB 
CLEAR 
CBI 
AND 
CB2 


041 I 
C6 
2A 
LDAB 
I.LENGTH+2 
B" 
O? 


0413 
B6 
800B 
LOOPI 
LDAA 
E,CRB 
0416 
2A 
FB 
BPL 
LOOP 
I 
WAIT 
FOR 
DATA 
VALlD 
0418 
B6 
800A 
LOA 
A 
E,PRB 
041B 
84 
3F 
AND 
A 
1,I3F 
O4ID 
A7 
00 
STAA 
X,O 
STORE 
IN RAM 
O4IF 
08 
INX 
0420 
SA 
DECB 
0421 
26 
FO 
BNE 
LOOP 
1 
NEXT 
DATA 
OUT 
WORD 
0423 
7D 
8008 
TST 
E,PRA 
CLEAR 
CA I AND 
CA2 


0426 
B6 
8009 
LOOP2 
LOA 
A 
E,CRA 
0429 
2A 
FB 
BPL 
LOOP2 
WAIT UNTIL READY 
WAIT 
FOR READY 
042B 
39 
RTS 
CAl 
flAG 
CLEARED? 


042C 
DE 
00 
LOAD 
LOX 
D,MESSGE 
042E 
A6 
00 
LOOP 
I0 
LOA 
A 
X,O 
0430 
08 
INX 
0431 
81 
FF 
CMPA 
I,IFF 
0433 
27 
OD 
BEQ 
ENDL 
JUMP 
WHEN 
DONE 
0435 
B7 
8008 
STAA 
E,PRA 
0438 
7D 
8008 
TST 
E,PRA 
CLEAR 
CA I AND 
CA2 


043B 
B6 
8009 
LOOP 
I I 
LOA 
A 
E,CRA 
043E 
2A 
FB 
BPL 
LOOP 
I I 
WAIT 
0440 
20 
EC 
BRA 
LOOPIO 
0442 
DF 
00 
ENDL 
STX 
D,MESSGE 
0444 
39 
RTS 


0500 
ORG 
10500 
0500 
7F 
8009 
START 
CLR 
E,CRA 
0503 
7F 
800B 
CLR 
E,CRB 
0506 
86 
FF 
lOA A 
I,IFF 
0508 
B7 
8008 
STAA 
E,DRA 
050B 
86 
24 
LOA 
A 
1,124 
050D 
B7 
8009 
STAA 
E,CRA 
0510 
86 
80 
LDAA 
1,580 
0512 
B7 
800A 
STAA 
E,DRB 
0515 
86 
06 
LOA 
A 
1,$06 
0517 
B7 
800B 
STAA 
E,CRB 
051A 
OE 
MAIN 
CLl 
051B 
7F 
800A 
CLR 
E,PRB 
DISABLE 
KEYBOARD 
FROM 
MUX 
051E 
BD 
042C 
JSR 
E,LOAD 
e 


0521 
7D 
800A 
TST 
E,PRB 
CLEAR 
CB I, CB2 
0524 
86 
80 
LOA 
A 
1,$80 
0526 
B7 
800A 
STAA 
E,PRB 
ENABLE 
KEYBOARD 
TO MUX 
0529 
86 
OE 
LDAA 
I,IOE 
FORce CA2 lOW 
052B 
B7 
800B 
STAA 
E,CRB 
ENABLE 
IRG 
CLEAR 
CAl 
FLAG 
052E 
OF 
SEI 
IRQ 
CAUSES 
JSR 
TO 
READ 


A1 •...CA1 FLAG 
SET ON NEGATIVE 
EDGE OF READY 
WAtT 
FOR 
READY 


!LOOP10) 


Figure 20, 
6800 Microprocessor 
Program and Flowchart 
that Interfaces to the Circuit Shown In Figure 19 
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from the microprocessor 
system or from the keyboard. 
Control lines CA1 and CA2are used to provide a data entry 
handshake to allow data to be loaded into the controller at 
the highest possible 
rate. Data is read into the main 


microprocessor 
system through Port B of the PIA using 


the CB1 input as a data strobe. 


The 6800 microprocessor program shown in Figure 20 is 
used to operate the PIA interface described in Figure 19. 
The microprocessor program following "START" is used 
to initialize the 6821 PIA. Once initialized, the PIA can be 
used either to load data into the controller via the main 
microprocessor, 
allow 
data 
to 
be 
loaded 
into 
the 


controller via the keyboard, or to read data from the Data 
Out port into the main microprocessor. 
The instruction 


CLR E, PRB at location 051B16forces PB7low to connect 
the outputs of Port A to the Data In inputs of the controller. 


Subroutine "LOAD" then loads a series of eight bit words 
into the controller. 
"LOAD" continues to output words 


until it reads an FF16to denote the end of the prompting 
message. The instruction sequence LDA A I, $80 and STA 
A E, PRB at location 052616forces PB7high to connect the 
output 
of the keyboard 
to the Data In inputs of the 


controller. In this mode, the user can enter or edit data into 
the DISPLAY PROCESSOR CONTROLLER. The 4B input 
of 
the 
74LS157 has been grounded 
to 
prevent the 


keyboard from loading a control word into the DISPLAY 
PROCESSOR CONTROLLER. The instructions 
LDA A I, 


$OE and STA A E, CRB at location 052B16 enables the 
"ER" key on the keyboard to interrupt the microprocessor 
when the edited message iscomplete. Subroutine "READ" 
would then be used to read data into the 6800 system. 
First, subroutine "READ" outputs a special control word, 


,. 


RESET 


PB, 
25 
74L5132 


PB, 


24 


23 
7 
27 


PBs 
22 


ODs 


PB, 
2. 
DO, 
21 
25 
PB, 
20 
DO, 


PB, 


24 
,. 
DO, 


PB, 
23 
00, 
lB 
27 
PB, 


22 
DO, 


2. 
0, 


pe2 (~;B) 


29 


0, 


DATA 
VALID 


2. 


30 
Os 
PA, 
37 
'4 
0, 
4A 
..,.1 
31 
38 
11 


BUS 
PA, 
3A 
74LS157 
0, 
3' 
• 
32 
0, 
PAs 
2A 


33 
PA, 


40 
2 


'A 


12 
20 


0, 
4V 
0', 
13 
• 
18 
34 
0, 
4B 
3V 
0', 


'0 
,. 


INTEL 
3B 
2V 
D's 
8255A 
2B 
1V 
14 
0', 
A, 
1B 


A, 
SEL 


A, 
" 
ST 
HOSP- 
8716/87241 


I/O RD 
8732/8740 


I/OWR 
7 
DISPLAY 


SYSTEM 
14 
PROCESSOR 
PA, 
4A 
CONTROLLER 
RESET 
PA, 
11 
3A 
74lS157 


PA, 
• 
2A 
PA, 
2 
'A 
4V 
12 
12 
0', 


13 
4B 
3V 
• 
'0 
0', 
10 
38 
2V 
• 
01, 


• 
2B 
1V 
• 
0', 
3 


'B 
'3 
1 
pc, 
15 
SEL 
ST 


peG 
tA~KI 


7 
2. 


22. 
READY 


l000pF 


PC 
10 
Vcc 


7 
(OBF) 
'3 


B, 


B, 
A, 
I 


A, 


74LS132 
CL 
,. 


1000pF 
7 
7 


ER 
OG05 04 03 02 01 00 
ST 


MICROSWITCH 
61SW12-1 
KEYBOARD 


THIS PROGRAM 
IS WRITTEN IN 8080 ASSEMBLY LANGUAGE. 


THIS PROGRAM 
USES AN 8255 PIA TO ACCESS THE HDSP-87XX 
ALPHANUMERIC 
DISPLAY SYSTEM. 


PORT CONFIGURATION: 
I. PORT A (MODE I OUTPUT): 


PAO-PA7 OUTPUTS TO DATA IN OF HDSP-87XX 
PC7 (OBF) OUTPUT, TO CHIP SELECT 
PC6 (ACK) INPUT, TO READY 
FLAG PC7 (OBF) CLEARED 
BY OUTPUT; SET BY READY 


2. PORT B (MODE I INPUT): 


PBO-PB6INPUTS 
DATA FROM DATA OUT OF HDSP-87XX 
PC2 (STB) INPUT; LOADS DATA ON POS EDGE OF DATA VALID 
FLAG PCO (INTR)CLEAREO 
BY INPUT; SET BY DATA VALID 


3. PORTC: 
PC4 OUTPUT; LOW ENABLES PAO-PA 7 TO HDSP-87XX 
HIGH ENABLES KEYBOARD 
TO HDSP-87XX 


oooc 
PA 
EQU 
OCH 
OOOD 
PB 
EQU 
ODH 
OOOE 
PC 
EQU 
OEH 
OOOF 
CNTRL 
EQU 
OFH 
0028 
LENTH 
EQU 
40 
MUST BE DISPLAY LENGTH 
ORG 
OEOOOH 
EOOO 
02 
EO 
ASCII 
DW 
TEXT 
EOO2 
00 
TEXT 
DS 
40 


ORG 
OEIOOH 
WAIT 
FOR 


EIOO 
00 
STAT 
DB 
0 
DATA 
VALID 


EIOI 
00 
ADDR 
DB 
0 
EI02 
00 
DATA 
OB 
0 
INTR FLAG CLEARED? 


ORG 
OE400H 
E400 
F3 
READ 
DI 
E401 
F5 
PUSH 
PSW 
E402 
E5 
PUSH 
H 
E403 
C5 
PUSH 
B 
E404 
3E 
08 
MVI 
A,08H 
E406 
03 
OF 
OUT 
CNTRL 
ENABLE A SIDE OF MUX 
E408 
3E 
FF 
MVI 
A,OFFH 
E40A 
D3 
OC 
OUT 
PA 
BEGIN OAT A OUT SEQUENCE 
E40C 
OE 
2A 
MVI 
C.LENTH+2 


E40E 
21 
OOEI 
LX! 
H,STAT 
FIRST WORD 
E411 
DB 
OD 
IN 
PB 
CLEAR INTR 
E413 
OB 
OE 
LOOPI 
IN 
PC 
E415 
IF 
RAR 
E416 
02 
13E4 
INC 
LOOP I 
WAIT UNTIL INTR IS SET 
E419 
OB 
00 
IN 
PB 
E41B 
77 
MOV 
M,A 
STORE IN RAM 
E41C 
23 
INX 
H 
C" O? 
NO 
E41D 
OD 
OCR 
C 
(LOOP1) 
E4IE 
C2 
13E4 
INZ 
LOOP I 
READ LENGTH+2 WOROS 
YES 
E421 
DB 
OE 
LOOP2 
IN 
PC 
E423 
17 
RAL 
E424 
D2 
21E4 
INC 
LOOP2 
WAIT UNTIL REAOY 
WAIT 
FOR READY 
E427 
CI 
POP 
B 
E428 
EI 
POP 
H 
E429 
FI 
POP 
PSW 
E42A 
FB 
EI 
OBF flAG 
CLEARED? 


E42B 
C9 
RET 


E42C 
2A 
OOEO 
LOAD 
LHLD 
ASCII 
FIRST WORD OF MESSAGE 
E42F 
7E 
LooP5 
MOV 
A,M 
E430 
FE 
FF 
CPI 
OFFH 
CHECK TO SEE IF DONE 
E432 
CA 
44E4 
IZ 
ENDL 
E435 
D3 
OC 
OUT 
PA 
OUTPUT TO DISPLAY 
e 


E437 
23 
INX 
H 
E438 
DB 
OE 
LOOP6 
IN 
PC 
E43A 
17 
RAL 
E43B 
02 
38E4 
INC 
LooP6 
WAIT 
E43E 
00 
NOP 
E43F 
00 
NOP 
E440 
00 
NOP 
E441 
C3 
2FE4 
IMP 
LOOP5 
NEXT WORD 
E444 
23 
ENDL 
INX 
H 
E445 
22 
OOEO 
SHLD 
ASCII 
NOT DONE 
E448 
C9 
RET 


E449 
3E 
A7 
START 
MVI 
A,OA7H 
PA AS MI OUTPUT, PB AS MI INPUT 


E44B 
D3 
OF 
OUT 
CNTRL 
E44D 
3E 
OC 
MVI 
A,OCH 
CLEAR INTE A 
E44F 
D3 
OF 
OUT 
CNTRL 
E451 
3E 
05 
MVI 
A,05H 
E453 
D3 
OF 
OUT 
CNTRL 
SETINTE 
B 


: PROCEDURE 
TO LOAD HDSP-87XX 
SYSTEM 


E455 
3E 
08 
MVI 
A,08H 
E457 
OJ 
OF 
OUT 
CNTRL 
ENABLE A SIDE OF MUX 
E459 
CD 
2CE4 
CALL 
LOAD 


: PROCEDURE 
TO READ DATA OUT OF HDSP-87XX 
SYSTEM 


E45C 
3E 
09 
MVI 
A,09H 
e 
E45E 
D3 
OF 
OUT 
CNTRL 
ENABLE B SIDE OF MUX 
E460 
FB 
EI 


INTERRUPT 
MUST CALL READ 
WAIT 
FOR READY 


(LOOPS! 


Figure 22, 
8080A Microprocessor 
Program and Flowchart that Interfaces to the Circuit Shown In Figure 21 
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FF16,to the Data In inputs of the DISPLAY PROCESSOR 
CONTROLLER. This control word causesthe controller to 
begin its data output sequence. The controller outputs a 
series of data output words that define the configured 
entry mode and display length, location of the cursor, and 
the ASCII text stored within the DISPLAY PROCESSOR 
CONTROLLER. "LOOP 1" within the program continu- 
ously reads the Data Valid output and waits until the 
controller outputs the STATUS word. This STATUS word, 
the subsequent CURSOR ADDRESS word, and the string 
of ASCII characters are then stored in consecutive words 
of scratch pad memory starting at address "STATUS." 


A similar PIA interface designed for an 8080A micro- 
processor system that uses an Intel 8255A PIA is shown in 
Figure 21. This interface operates in much the same way 
as the 6821 PIA interface that was previously described. 
The PC4output of the PIA determines whether the Data In 
inputs 
of 
the 
18 segment 
DISPLAY 
PROCESSOR 
CONTROLLER shown in Figure 18 are connected to the 
PIA or to the keyboard. Control lines PC6 and PC? are 
used to provide a data entry handshake between the 
8080A microprocessor and the DISPLAY PROCESSOR 
CONTROLLER. 
Data is read into the 8080A micro- 
processor system through Port B of the PIA using PC2as 
the data strobe. 


The 8080A microprocessor program shown in Figure 22 is 
used to operate the PIA interface described in Figure 21. 
The microprocessor program following "START" is used 
to initialize the 8255A PIA. The instructions MVI A, 08H 
and OUT CNTRL at location E45716force PC4 low to 
connect Port A of the PIA to the Data In inputs of the 
DISPLAY 
PROCESSOR CONTROLLER. 
Subroutine 


"LOAD" would then be used to load a prompting message 
into the controller. The instructions MVI A, 09H and OUT 
CNTRL at location E45E16connect the keyboard to the 
Data In inputs of the controller. In this mode, the user can 
enter 
data 
into 
the 
DISPLAY 
PROCESSOR CON- 
TROLLER, or to edit an existing line. Subroutine "READ" 
would then be usedto readthe data from the Data Out port 
into the 8080A microprocessor system. 


Subroutine "READ" begins the data output sequence by 
outputting 
the special control word FFH to the Data In 
inputs of the DISPLAY PROCESSOR CONTROLLER. 
Then, the subroutine readsthe series of data output words 
that are outputted by the controller and stores them in 
consecutive words of scratch pad memory starting at 
address STAT. 


I 


Flin- HEWLETT 
~~ 
PACKARD 
APPLICATION NOTE 1004 


Threshold Sensing For Industrial 
Control Systems With the 
HCPl-3700 
Interface Optocoupler 


The 
use of electronic 
logic circuitry 
in most 
applications 
outside 
of a controlled 
environment 
very quickly 
brings the 


design engineer 
into contact 
with the problems 
and hazards 


involved 
in interfacing 
between 
the logic function 
and the 


controlled 
function. 
These problems 
have always been par- 
ticularly 
evident 
in the field of industrial 
control 
where the 
electrically 
"noisy" 
environment 
produced 
by 
motors, 
power lines, lightning 
and other sources of interference 
may 


mask the desired signal, and in some cases even result in the 
destruction 
of the logic control 
system itself. In these situa- 


tions, 
the designer 
must resort to solutions 
which will pro- 


vide 
isolation 
between 
the 
logic system 
and the 
input 
or 


output 
function 
Traditional 
methods 
of isolation 
involve 


the 
use of such 
devices 
as capacitors, 
relays, tranformers, 
and optocouplers. 
Of these methods, 
the optocoupler 
pro- 
vides 
an 
ideal 
combination 
of speed, 
dc 
response, 
high 


common 
mode 
rejection, 
and low input to output 
coupling 


capacitance. 


In the 
implementation 
of an interface 
from an electrically 


noisy 
environment 
into logic systems, 
it is often 
desirable, 


if not 
mandatory, 
to 
establish 
some 
current 
or voltage 


switching 
point 
or threshold 
at which 
the 
input 
signal is 


considered 
true. 
Since the input, 
or feedback, 
signal in in- 
dustrial 
control 
systems 
may 
be ac or dc and may range 


from 
low, 5 volt, levels to 110 or 240 volts ac, the design of 


such a threshold 
switching 
system 
can become more than a 


trivial problem. 
This is especially 
true when using the opto- 
coupler, 
considering 
the 
relatively 
large 
range of current 


transfer 
ratio (CTR) found 
in most devices. 


The problem 
of establishing 
an input switching 
threshold 
is 


resolved 
in the 
design 
of the Hewlett-Packard 
HCPL-3700 


optocoupler. 
This device combines 
an ac or dc voltage and/ 


or current 
detection 
function 
with a high insulation 
voltage 
optocoupler 
in 
a 
single 
eight 
pin 
plastic 
dual 
in-line 


package. 


sists of a full-wave 
bridge rectifier 
and threshold 
detectior. 


integrated 
circuit, 
an 
LED, 
and 
an 
optically 
coupled 


detector 
integrated 
circuit. 
The detector 
circuit 
is a com- 


bination 
of a photodiode 
and 
a high 
current 
gain, 
split 


Darlington, 
amplifier. 


The input 
circuit 
will operate 
from an ac or dc source and 


provide 
a guaranteed, 
temperature 
compensated 
threshold 


level with 
hysteresis. 
The device 
may 
be programmed 
for 


higher 
switching 
thresholds 
through 
the use of a single ex- 


ternal resistor. 


With threshold 
level detection 
provided 
prior to the optical 


isolation 
path 
and subsequent 
gain stage, variations 
in the 


current 
transfer 
ratio of the device with time or from unit 


to unit are no longer important. 


In addition 
to allowing 
ac or dc input 
signals, the Zener 
diodes 
of 
the 
bridge 
circuit 
also 
provide 
input 
voltage 
clamping 
to protect 
the threshold 
circuitry 
and LED from 


over voltage/current 
stress 
conditions. 
The LED current 
is 


provided 
by a switched 
current 
source. 


The 
HCPL-3700 
optocoupler 
output 
is an open collector, 
high 
gain, 
split 
Darlington 
configuration. 
The 
output 
is 


compatible 
with TTL and CMOS logic levels. High common 


mode 
rejection, 
or transient 
immunity 
of 600V/p.s, 
allows 


excellent 
isolation. 
Insulation 
capability 
is 
3000 
volts 


dc. The 
recommended 
operating 
temperature 
range is O°C 


to 70°C. 


The 
HCPL-3700 
meets 
the 
requirements 
of the 
industrial 


control 
environment 
for interfacing 
signals from 
ac or dc 


power 
equipment 
to 
logic 
control 
electronics. 
Isolated 


monitoring 
of relay contact 
closure 
or relay coil voltages, 


monitoring 
of limit or proximity 
switch operation 
or sensor 


signals 
for 
temperature 
or pressure, 
etc., 
can 
be accom· 


plished 
by the 
HCPL-3700. 
The 
HCPL-3700 
may also be 


used for sensing low power line voltage (Brown Out) or loss 
of line power (Black Out). 


The 
function 
of the 
HCPL-3700 
can best be understood 


through 
a review of the input VII function 
and the input to 


output 
transfer 
function. 
Figure 
2 shows 
the 
input 
char· 
acteristics, 
IIN (mA) versus V IN (volts). for both the ac and 


dc cases. 


The dc input of the HCPL-3700 
appears as a 1000n 
resistor 


in series with a one volt offset. 
If the ac pins (1, 4) are left 


unconnected, 
the dc input voltage can increase to 12V (two 


Zener 
diode 
voltages) 
before 
the 
onset 
of input 
voltage 


clamping 
occurs. 
If the 
ac pins 
(1, 4) are connected 
to 


ground 
or 
to 
dc 
pins 
(2, 3) respectively, 
the 
dc 
input 


voltage will clamp at 6.0V (one Zener diode voltage). 
Under 


clamping 
conditions, 
it is important 
that 
the 
maximum 


input 
current 
limits 
not be exceeded. 
Also, to prevent 
ex· 


cessive current 
flow in a substrate 
diode, 
the dc input 
can 


not 
be backbiased 
more 
than 
-O.5V. 
The choice 
of the 


input 
voltage clamp level is determined 
by the requirements 
of the system 
design. The advantages 
of clamping the input 


at a low voltage 
level is in limiting 
the magnitude 
of for· 


ward current 
to the LED as well as limiting the input power 
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NOTE: 
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PEAK. 


to the 
device 
during 
large voltage 
or current 
transients 
in 
the 
industrial 
control 
environment. 
The 
internal 
limiting 
will 
in some 
cases eliminate 
the 
need for additional 
pro· 
tection 
components. 


The ac input appears similar to the dc input except that the 
circuit 
has two 
additional 
diode 
forward 
voltages. 
The ac 


input 
voltage 
will clamp at 6.7V 
(one Zener diode voltage 
plus one forward 
biased 
diode 
voltage) I and 
is symmetric 
for plus or minus polarity. 
The ac voltage 
clamp 
level can 
not be changed 
with different 
possible 
dc pin connections. 


The transfer 
characteristic 
displayed 
in Figure 3 shows how 
the 
output 
voltage 
varies 
with 
input 
voltage, 
or current, 


levels. Hysteresis 
is provided 
to enhance 
noise immunity, 
as 
well 
as to 
maintain 
a fast transition 
response 
hr, tf) for 
slowly changing input signals. 


The 
hysteresis 
of the 
device 
is given in voltage 
terms 
as 
VHyS = VTH+ - 
VTH_, 
or in terms of .cu.rrent as.IHyS = 
ITH+ - 
ITH_. 
The optocoupler 
output 
IS In the high state 
until the input voltage (current) 
exceeds 
VTH+(ITH+)' 
The 
output 
state 
will 
return 
high 
when 
the 
input 
voltage 
(current) 
becomes 
less than VTH-(ITH-)' 


As 
is shown 
in 
Figure 
3, 
the 
HCPL-3700 
has 
prepro· 
grammed 
ac and dc switching 
threshold 
levels. Higher input 


switching 
thresholds 
may 
be programmed 
through 
the use 
of a single series input resistance 
as defined 
in Equation 
(1). 


In some cases, it may be desirable 
to split this resistance 
in 
half to achieve transient 
protection 
on each input lead and 
reduce 
the 
power 
dissipation 
requirement 
of each 
of the 
resistors. 


Figure 4 illustrates 
three typical 
interface 
situations 
which a 
designer 
may encounter 
in utilizing 
a microprocessor 
as a 


controller 
in industrial 
environments. 


Example 
1. 
A dc voltage 
applied 
to the motor 
is moni· 


tored 
as an indication 
of proper 
speed andl 
or load condition. 


115VAC 
OR 
220VAC 


LIMIT 
SWITCH 
115VAQ:~~ 


Example 
2. 
A limit switch 
uses a 115V ac or 220V ac 
control 
loop 
to 
improve 
noise 
immunity 
and 
because 
it is a convenient 
high voltage 
for that purpose. 


Example 
3. 
An 
HCPL-3700 
is used to monitor 
a com- 
puter power line to sense a loss of line power 
condition. 
Use of a resistive 
shunt 
for im- 
provement 
of threshold 
accuracy 
is analyzed 
in this example. 


Also illustrated 
is an application 
in which two HCPL-3700's 
are used to monitor 
a window 
of safe operating 
tempera- 
tures 
for 
some 
process 
parameters. 
This 
example 
also 
requires 
a 
rather 
precise 
control 
of 
the 
optocoupler 
switching 
threshold. 
An additional 
dedicated 
leased 
line 
system example 
is also shown (Example 
4). 


The dc motor 
monitor 
function 
is establ ished to provide an 
indication 
that the motor 
is operating 
at a minimum 
desired 
speed prior to the initiation 
of another 
process phase. If the 
applied 
voltage, 
VM, is greater 
than 
5V, it is assumed 
that 
the 
desired 
speed 
is 
obtained. 
The 
maximum 
applied 
voltage 
in 
the 
system 
is 
10V. 
The 
HCPL-3700 
circuit 
configuration 
for this dc application 
is shown 
in Figure 5. 
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Figure 5. 
Interfacing 
a DC Voltage to an MPU using the 
HCPL-3700 


NOTE: 
See Appendix 
for a definition 
of terms 
and 


symbols 
for this and all other examples. 


The following 
conditions 
are given for the external 
voltage 
threshold 
level and input 
requirements 
of the HCPL-3700: 


VTH+ 
3.BV 


VTH_ 
2.6V 


VICH3 
= 
12V 


5V - 3.BV 


2.5mA 


The 
resultant 
lower threshold 
level is formed 
by using the 
following 
expression: 


v_ = ITH_ 
Rx + VTH_ 


(1.3mA) 
470n 
+ 2.60V 


With 
the 
possible 
unit 
to 
unit 
variations 
in the 
input 
threshold 
levels as well as ±5% tolerance 
variations 
with Rx' 
the variation 
of V+ is +12.4%, 
-15% 
and V_ varies +14%, 
-23.5%. 
(NOTE: 
With a low, external, 
voltage threshold 
level, V+, which 
is comparable 
in magnitude 
to the VTH+ 
voltage threshold 
level of the optocoupler 
(V+.;; 10VTH+) 
the tolerance 
variations 
are not significantly 
improved 
by 
the 
use of a 1% precision 
resistor 
for 
Rx' However, 
at a 
large external 
voltage 
threshold 
level compared 
to VTH+ 
(V+ > 1OVTH+)' 
the use of a precision 
1% resistor for Rx 
does reduce the variation 
of V+.) 


For 
simultaneous 
selection 
of 
external 
upper, 
V+, 
and 
lower, 
V 
, voltage 
threshold 
points 
a combination 
of a 
series and-parallel 
input 
resistors 
can be used. 
Refer to the 
example 
on "ac operation 
with improved 
threshold 
control 
and accuracy" 
for detailed 
information. 


Calculation 
of the 
maximum 
power 
dissipation 
in Rx is 
determined 
by knowing 
which of the following 
inequalities 
is true: 


V+ 
VTH+ 
-->-- 
Vpeak 
V1HC 


V+ 
VTH+ 
--<-- 
Vpeak 
VIHC 


where V IHC is the particular 
input 
clamp voltage 
listed on 
the data sheet. 


For 
this 
dc application 
with 
ac pins 
(1, 4) 
open, 
input 
voltage clamping will not occur, i.e., 


V+ 
VTH+ 
-->-- 
Vpeak 
VIHC3 


5V 
3.BV 
->-- 
10V 
12.0V 


Consequently, 
a conservative 
value for the maximum 
power 
dissipation 
in Rx for the unclamped 
input voltage condition 
ignoring the input offset voltage is given by: 


f,OV( 
470n 
~2 
L 
147onl] 


470n 


If V+/Vpeak 
< 
VTH+/VIHC 
was 
true 
(clamped 
.input 
voltage 
condition), 
then 
the 
formula 
for 
the 
maximum 
power dissipation 
in Rx becomes: 


The maximum 
input 
current 
or power 
must be determined 
to ensure 
that 
it is within the maximum 
input rating of the 
HCPL-3700. 
For the clamped 
input voltage condition, 


Vpeak - VIHC 
----- 
< 'IN (max) 
Rx 
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Figure 6. 
Interfacing 
an AC Voltage to an MPU using the 
HCPL·3700 


For the unclamped 
input 
voltage 
condition, 
the maximum 
input 
current, 
or 
power 
will 
not 
be exceeded, 
because 
maximum 
input 
current 
and power 
will occur 
only under 
clamp conditions. 


An output 
load resistance 
is not needed 
in this application 
because 
the 
peripheral 
interface 
adapter, 
such as MC6821, 


has an internal 
pullup 
resistor connected 
to its input. 


As shown 
in Figure 6, an ac application 
is that 
of a moni· 
tored 
115V 
ac limit switch. 
Ac sensing is commonly 
used 
and 
the 
HCPL·3700 
conveniently 
provides 
an 
internal 
rectification 
circuit. 
With the HCPL-3700 
interfacing 
to the 
P.I.A., 
a choice 
can be made not to filter the ac signal or to 
filter the ac signal at the input 
or output 
of the device. All 
three 
conditions 
will 
be explored. 
Simplicity 
is obtained 
with 
no filtering 
at all, but software 
detection 
techniques 
must 
be used. 
Output 
filtering 
is a standard 
method, 
but 
may present 
problems 
with slow RC rise time of the output 
waveform 
when TTL logic is used. Input filtering avoids the 
RC rise time problem 
of output 
filtering, 
but introduces 
an 
extra time delay at the input. 


in this example, 
a V+ value of 98V is selected 
based on a 
criteria 
of 60% of Vpeak' 
Monitoring 
a limit switch 
for a 
60% level of the signal will give sufficient 
noise immunity 
from an open 
115V ac line while allowing 
the HCPL-3700 
to turn 
on under 
low line voltage conditions 
of -15% 
from 
nominal 
values when the limit switch is closed. 


The 
value 
of 
Rx for the 
upper 
threshold 
detection 
level 
without 
the filter capacitor, 
C, across the dc input, 
can be 
obtained 
from the following 
expression. 


V+-VTH+ 


ITH+ 
VTH+ = 5.1V 


(ac instantaneous) 
ITH+ 
a 2.5mA 


Figure 7. 
Typical 
External 
Threshold 
Characteristic, 
V± - 


vs. Rx 


98V - 5.W 


2.5mA 


(use Rx'2 = 18.7kn, 
1% resistor 
for each input lead) 


Figure 7 provides 
a convenient, 
graphical 
choice for the ex- 


ternal 
series resistor, 
Rx' and a particular 
external 
threshold 


voltage V±. 


The corresponding 
Rx value 
and output 
waveform 
of the 


HCPL·3700 
for 
a V+ = 98V 
(60% of peak) 
is shown 
in 


Figure 8. 
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Figure 8. Output 
Waveforms 
of the HCPL-3700 
Design in 
Figure 7 with no Filtering Applied 
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To determine 
the time in the high state, 
refer to Figure 9 
and Equation 
(11), 


Due to 
symmetry 
of sinusoidal 
waveform, 
the 
high state 


time is t_ + t+ where t± is given by; 


where 
arc sine is in degrees 
and T = period 
of sinusoidal 
waveform. 


In the unfiltered 
condition, 
the output 
waveform 
of Figure 
8 must 
be used 
as sensed 
information. 
Software 
can be 
created 
in which the microprocessor 
will examine the wave- 


form 
from 
the 
optocoupler 
at specific 
intervals 
to deter- 
mine 
if ac is present 
or absent 
at the input 
to the HCPL- 
3700. 
This technique 
eliminates 
the 
problem 
of filtering, 


and accompanying 
delays, 
but requires 
more sohpisticated 


software 
implementation 
in the microprocessor. 


A convenient 
method 
by which 
to achieve 
a continuous 


output 
low state 
in the presence 
of the applied 
ac signal is 


to filter 
the 
input 
dc terminals 
(pins 2-3) 
with a capaci- 


tance 
C while the ac signal is applied 
to the ac input 
(pins 


1-4) 
of the full wave rectifier 
bridge. Input filtering 
allows 


flexibility 
in using the HCPL-3700 
output 
for direct 
inter- 


facing 
with 
TTL or CMOS devices 
without 
the slow rise 


time which would 
be encountered 
with output 
filtering. 
In 


addition, 
the input 
filter capacitor 
provides 
extra 
transient 


and contact 
bounce 
filtering. 
Because filtering 
is done after 


Rx' the capacitor 
working 
voltage 
is limited 
by the V IHC2 


clamp 
voltage 
rating 
which 
is 6.7V peak for ac operation. 
The 
disadvantage 
of input 
filtering 
is that 
this technique 


introduces 
time delays 
at turn 
on and turn off of the opto- 


coupler 
due to initial 
charge/discharge 
of the 
input 
filter 


capacitor. 


V( 
V,N(C 


".12 
\ 


The application 
of ac input 
filtering 
is illustrated 
in Figure 


10 and is described 
in the following 
example. 
The ac input 


conditions 
are the 
same as in the previous 
example 
of the 


115V ac limit switch. 


The 
minimum 
value of capacitance 
C to ensure 
proper 
ac 


filtering 
is determined 
by 
the 
parameters 
of 
the 
opto- 


coupler. 
At low ac input voltage, the capacitor 
must charge 


to 
at least 
VTH+ 
in order 
to turn 
on, 
but 
must 
not 
dis- 


charge to VTH_ 
during 
the discharge cycle. A conservative 


estimate 
for the 
minimum 
value of C is given by the fol- 


lowing equations. 


where 
R1N is the equivalent 
input 
resistance 
of the HCPL- 


3700. 


with 
RIN = 1kU, 
VTH+ = 3.8V, 
VTH_ 
= 2.6V 
and t = 
8.33ms for 60 Hz or t = 10ms for 50 Hz. 


To 
ensure 
proper 
filtering, 
the 
recommended 
value of C 


should 
be large enough 
such that 
with the tolerance 
varia- 


tion, 
C will always 
be greater 
than Cmin (C should 
other- 
wise be kept as small as possible 
to minimize 
the inherent 


delay 
times 
which 
are encountered 
with 
this technique). 


Since 
the 
filter 
capacitor 
affects 
the 
input 
impedance, 
a 


slightly 
different 
value 
of 
Rx is required 
for 
the 
input 


filtered 
condition. 
Figure 
11 
shows 
the 
Rx 
versus 
V± 


threshold 
voltage 
for C = lOJ.LF, 22J.LF, and 4 7J.LF.For an 


application 
of monitoring 
a 115V 
RMS line for 65% of 


nominal 
voltage condition 
(75V RMS), an Rx = 26.7kU 
± 


1% with 
C = 10J.LFwill yield 
the 
desired 
threshold. 
The 


power 
dissipation 
for 
Rx is determined 
from the clamped • 


Figure 11. 
External 
Threshold 
Voltage 
versus Rx for 
Applications 
Using an Input 
Filter Capacitor 
C (Figure 
10) 


condition 
(V+/V peak < VTH+!V ICH2) and is 455mW 
(see 
Figure 6) which suggests Rx/2 of 1/2 watt resistors for each 
input lead. 


Example 3. 
AC 
Operation 
with 
Improved 
Threshold 
Control 
and Accuracy 


Some applications 
may occur which 
require threshold 
level 
detection 
at specific 
upper 
and lower threshold 
points. 
The 
ability 
to independently 
set the upper 
and lower threshold 
levels 
will 
provide 
the 
designer 
with 
more 
flexibility 
to 
meet 
special 
design 
criteria. 
As illustrated 
in Figure 
12, a 
computer 
power 
line is monitored 
for a power failure con- 
dition 
in order 
to 
prevent 
loss of memory 
information 
during power line failure. 


In this 
design, 
the 
HCPL·3700 
optocoupler 
monitors 
the 
computer 
power 
line and the output 
of the optocoupler 
is 
interfaced 
to a TTL Schmitt 
trigger gate (7414). 


In the earlier ac application 
of the HCPL·3700 
(limit switch 
example), 
a single external 
series resistor, 
Rx' was used to 
determine 
one of the threshold 
levels. The other 
threshold 
level was determined 
by the 
hysteresis 
of the device, and 
not 
the 
designer. 
A potential 
problem 
of single threshold 
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Figure 12. 
An AC Power Line Monitor 
with Simultaneous 
Selection 
of Upper and Lower Threshold 
Levels and Out- 
put Filtering 


selection 
with 
115V line application 
would be to determine 
Rx for 
a lower 
threshold 
level of 50% of nominal 
peak 
input voltage, 
only to find that the upper threshold 
level is 
90% of peak input voltage. With the possible ac line voltage 
variations 
(+10%, 
-15%). 
it would 
be possible 
that 
the 
optocoupler 
could 
never reach 
the 
upper 
threshold 
point 
with 
an ac line that 
is at -15% 
of nominal 
value. To give 
the 
designer 
more 
control 
over 
both 
threshold 
points, 
a 
combination 
of series resistance, 
Rx' and parallel resistance, 
Rp, may be used, as shown in Figure 12. 


Two equations 
can be written 
for the two external 
thresh· 
old level conditions. 
At the upper threshold 
point, 


Solving these equations 
for Rx and Rp yield the following 
expressions: 


VTH_ 
(V+) - VTH+ (V_I 


ITH+ (VTH_1 -ITH_ 
(VTH+1 


VTH_ 
(V+) - VTH+ (V_I 


ITH+ (V_ - VTH_1 + ITH- 
(VTH+ - V+l 


Equations 
(16) and (17) are valid only if the conditions 
of 
Equations 
(18) or (19) 
are met. 
The desired 
external 
vol- 
tage threshold 
levels, V+ and V_' 
are established 
and the 
values for VTH± and ITH± are found 
from the data sheet. 


With 
the 
VTH±, 
ITH± 
values, 
the 
denominator 
of 
Rx' 
Equation 
(16) is checked 
to see of it is positive or negative. 


If it is positive, then the following 
ratios must be met: 


V+ 
VTH+ 
V+ - VTH+ 
--;;. 
--- 
and ----- 
V_ 
VTH_ 
V_ - VTH_ 


Conversely, 
if the 
denominator 
of 
Rx Equation 
(16) 
is 
negative, then the following 
ratios must hold: 


V+ 
VTH+ 
V+ - VTH+ 
ITH+ 
.;;; --- 
and----->--- 
V_ 
VTH_ 
V_ - VTH_ 
ITH_ 


Consider 
that 
the 
computer 
power 
line is monitored 
for a 
50% line drop condition 
and a 75% line presence condition. 
The 
115V 60 Hz ac line (163V 
peak) can vary from 85% 


(139V) to 110% (179V) of nominal 
value. 


~sing 
the 
Equations 
(16, 
17) for 
Rx' 
Rp with the condi- 
tions of Equations 
(18, 19) being met yields 


To 
complete 
the 
input 
calculations 
for 
maximum 
input 


current, 
IIN- to the device and maximum 
power dissipation 


in Rx and 
Rp, a check 
must be made. to determine 
if the 


input 
voltage 
will 
clamp 
at 
peak 
applied 
voltage. 
Using 


Equations 
(3) and (4) to determine 
if a clamp or no clamp 


exists, it is found that the ratios 


indicate 
that 
V1N slightly 
entered 
clamp condition. 
In this 


application, 
the 
operating 
input 
current, 
IIN' is given ap- 


proximately 
by 


V1HC2 
V2 
~< 
IIN(maxl 


6.7V 
115V-~ 


18 kn 


6.7V 
Vi 


Power 
dissipation 
in Rx is determined 
from the following 


equation, 


which 
yields 
O.675W. With the 
clamp 
condition 
existing, 
the maximum 
power dissipation 
for Rp is 18.7mW which is 


determined 
from 


The advantages 
of filtering 
at the output 
of the HCPL-3700 
are that 
it is a simple 
method 
to implement. 
The output 


waveform 
introduces 
only one additional 
delay time at turn 
off 
condition 
as opposed 
to 
the 
input 
filtering 
method 
which 
introduces 
additional 
delay times at both the turn on 
and turn off conditions 
due to initial charge or discharge of 


the 
input 
filter 
capacitor. 
The disadvantage 
of output 
fil- 


tering 
is that 
the 
long transition 
time, 
tr, which 
is intro- 


duced 
by the 
output 
RC filter 
requires 
a Schmitt 
trigger 
logic gate to buffer 
the output 
filter circuit 
from the sub- 


sequent 
logic circuits to prevent 
logic chatter 
problems. 
The 
determination 
of 
load 
resistance 
and capacitance 
is illus- 


trated 
in the following 
text. 


VT+ (minI 
= 1.5V 


VT+ (maxI = 2.0V 


With the current 
convention 
shown 
in Figure 
12, the mini- 


mum value of RL which 
ensures 
that 
the output 
transistor 


remains in saturation 
is: 


Vcc (maxI - VOL 
;;.------- 
IOL + IlL 


5.25V -OAV 


4.2mA - 
1.2mA 


The 
maximum 
value 
for 
RL is calculated 
allowing 
for a 
guardband 
of OAV in VT+ (max) 
parameter, 
or VIH 
= 


VT+ (max) + OAV. 
• 


./ 
WITHOUT 
CL 


VCC 
/ 
VOH-:l 
rl 
rl 
r~ 


(6,VOl' 
VT+min_ 
-_: 
:__ 
: 
:__ 
: 
:_-'- 


MAXIMUMRIPPlE-- 
--1 
•••• 
--1 
...•--1 
-- 


AMPLITUDE 
VOL 
I 
--j I-- 
8 
~ 
r:-::--t 
I 
4.5 
ms 
WITH 
CL 


8.33m$ 


VCC (minI - V1H 


.,;; ------- 
IOH -IIH 


4.75V - 2.4V 


0.1 mA + 0.04mA 


CL can 
be determined 
in the 
following 
fashion. 
As illus- 
trated 
in Figure 8, the output 
of the optocoupler 
will be in 
the 
high 
state 
for 
a specific 
amount 
of time 
dependent 
upon 
the selected 
V+ levels. In this example, 
V+ = 122.5V 
(75%) and V_ = 81.5V 
(50%) and allowing for a minimum 
peak 
line voltage 
of 
138V 
(-15%), 
the 
high 
state 
time 


(without 
CL) 
is from 
Equation 
(11), 
4.58ms. 
With 
the 
appropriate 
CL 
value, 
the 
output 
waveform 
(solid 
line) 
shown in Figure 13 is filtered. 


The maximum 
ripple amplitude 
above VOL is chosen to be 
0.6V; that 
is, VOL + dVOL = 1.0V. This gives a 0.5V noise 


margin 
before 
VT+ (minI = 1.5V is reached. 
The exponen- 
tial 
ripple 
waveform 
is caused 
by the 
CL being charged 


through 
RL and input resistance, 
RINTTL' 
of TTL gate. An 


expression 
for the allowable 
change in VOL can be written: 


where 
T = R' LCL with R'L equal to parallel combination 
of 


RL and RINTTL' 


Below VT+ = 1.5V 
(minI. 
RINTTL 
is constant 
and nom- 


inally 6 kQ. Hence: 


(1.65 kQ) (6 kQ) 


1.65 kQ + 6 kQ 


and 
substituting 
previous 
parameter 
values 
and 
using 


VOH = VCC - 
(lOH + IIH) RL results in 


4.58ms 


( 
4.8V - 0.4V 
) 


In 
4.8V _ 0.4V _ 0.6V 


31.24ms 


1.29 kQ 


or 33J.LF± 20% 


With this value of CL, the time the 
R' LCL filter network 


takes to reach VT+ of the TTL gate is found 
as follows. 


= 
Tin ( __ V_O_H_-_V_O_L_) 


VOH - VT+ (minI 


and substituting 
VOH = 4.8V, 
VOL = OAV, VT+ (min) = 


1.5V, and T = 31.24ms 
yields 


This is the delay time that the system 
takes to respond 
to 


the 
ac line voltage 
going 
below 
the 
50% (V 
) threshold 


level. In essence, 
the response 
time is slightly 
more than 
a 


half cycle 
(8.33msl 
of 60 Hz ac line with worst 
case line 


variation 
taken 
into account. 
This delay time is acceptable 


for system 
power 
line protection. 
In this example, 
a com- 


plete 
worst 
case analysis was not performed. 
A worst 
case 


analysis 
should 
be done 
to ensure 
proper 
function 
of the 


circuit 
over variations 
in line voltage, 
unit 
to unit 
device 


parameter 
variations, 
component 
tolerances 
and tempera- 


ture. 


In the above example 
on output 
filtering, 
the two external 
threshold 
levels were 
selected 
for 
turn 
on conditions 
at 
V+ = 122.5V 
(75%) and turn off at V_ = 81.5V 
(50%). The 
calculated 
external 
resistor 
values were Rx = 17.4 kn 
and 
Rp = 1.2 kn. 
Using standard 
5% resistors 
of 18 kn 
and 
1.2 
kn 
respectively, 
the 
upper 
threshold 
voltage 
was 
actually 
126.6V nominal. 


Examination 
of the 
worst 
possible 
combination 
of varia- 
tions 
of the 
HCPL-3700 
optocoupler 
VTH+, 
ITH+, levels 
from 
unit 
to unit, 
and the 
± 5% variations 
of Rx and Rp 
can 
result 
in the 
V+ level changing 
+23% to -25% 
from 
design nominal. 


If higher 
threshold 
accuracy 
is desired, 
it can be accom- 
plished 
by. decreasing 
the value of Rp in order to allow Rp 
to 
dominate 
the 
input 
resistance 
variations 
of the 
opto- 
coupler. 
Using a 1% resistor 
for 
Rp and resistance 
of suf· 
ficiently 
small magnitude, 
the 
V+ tolerance 
variations 
can 
be significantly 
improved. 
The following 
analysis will allow 
the 
designer 
to obtain 
nearly optimum 
threshold 
accuracy 
from unit to unit. 
It should 
be noted 
that the HCPL-3700 
demonstrates 
excellent 
threshold 
repeatability 
once 
the 
external 
resistors are adjusted 
for a particular 
level and unit. 


The compromise 
which 
is made 
for the added 
control 
on 
threshold 
accuracy 
is that 
more input 
power must be con· 
sumed within the Rp, Rx resistors. 


In Figure 
14, assume 
the circuit 
is at the upper 
threshold 
point. 
At constant 
VTH+, 
it is desired 
to maintain 
1+ to 
within 
± 5% variation 
of nominal 
value while allowing ± 1% 
variation 
in Ip+. With this requirement, 
Equations 
(31) and 
(32) can be written 
and solved for the 
magnitude 
of Ip+ 
which 
is needed 
to maintain 
the desired condition 
on 1+. 1+ 
is the sum of Ip+ and ITH+. 


1.05 1+ = 1.01 Ip+ + ITH+ (max)} 
(31 I 
at constant 
VTH+ 
0.95 1+ = 0.99 Ip+ + ITH+ (minI 
(321 


ITH+ (maxI = 3.11 mA 


ITH+ (minI 
= 1.96mA 


Figure 14. 
Threshold 
Accuracy 
Improvement 
through 
the 
Use of External 
Rx and Rp Resistors 


This new value of Rp replaces 
the earlier Rp = 1.2 kn, 
and 
the circuit requires a new Rx value to maintain 
the same V+ 
threshold 
level. 


122.5V - 5.1V 


13.7mA 


With the possible variation 
of ± 1% in Rp and Rx' as well as 
unit to unit variations 
in the optocoupler 
VTH+, 'TH+ 
the 
upper 
threshold 
level V+ will vary significantly 
less than in 
the 
5% resistor 
design case. The variations 
in V+, which 
is 
given by V+ = Rx 1+ + VTH+, where 
1+ = Ip+ + ITH+, are 
compared 
in Table 1. 


Table 
1 illustrates 
the 
possible 
improvements 
in V+ toler- 


ance as Rx and Rp are adjusted 
to limit the variation 
of the 
external 
input threshold 
current, 
'+, to the resistor network 
and 
optocoupler. 
This table 
is centered 
at a nominal 
ex· 
ternal 
input 
threshold 
voltage 
of V+ = 122.5V. 
It is the 
designer's 
compromise 
to 
keep 
power 
consumption 
low, 


but threshold 
accuracy 
high. 


The above method 
for selection 
of Rp and Rx 
can 
be adapted 
for 
applications 
where 
larger 
sense 
currents 
(wet 
sensing) 
may 
be 
appro· 
priate. 


In situations 
involving a substantial 
separation 
between 
the 
signal source 
and the receiving station, 
it may be desirable 
to lease a dedicated 
private 
line metallic 
circuit 
(de path) 
for supervisory 
control 
of remote 
equipment. 
The HCPL- 


3700 
can 
provide 
the 
interface 
requirements 
of voltage 
threshold 
detection 
and optical 
isolation 
from the metallic 
line to the remote 
equipment. 
This greatly 
reduces 
the ex- 
pense 
of using a sophisticated 
modem 
system 
over a con· 
vention 
telephone 
line. 


T 
T 
MAXIMUM TOTAL 
Rx 
0 
Rp 
0 
1+ TOLERANCE 
V+ TOLERANCE 
POWER IN 
L. 
L. 
Rx + Rp (RMS) 


+17.5% 
18 kn 
5% 
1.2 kn 
5% 
+ 
23% 
- 
25% 
0.69W 
-21.2% 


8.66 kn 
1% 
453n 
1% 
±5% 
+12.7% 
-19.3% 
1.45W 


4.32 kn 
1% 
205n 
1% 
±3% 
+11.2% 
-18.9% 
2.92W 


2.15 kn 
1% 
97.5n 
1% 
±2% 
+10.6% 
-18.8% 
5.89W 


Table 1. Comparison 
of the V+ Threshold 
Accuracy 
Improvement 
versus Rx and Rp and Power Dissipation 
for a Nominal 
V+ = 122.5 V 


Figure 
15 represents 
the application 
of the HCPL-3700 
for 
a line which is to control 
tank levels in a water district. 


Some comments 
are needed 
about 
dedicated 
metallic lines. 
The 
use of a private 
metallic 
line places restrictions 
upon 
the 
designer's 
signal levels. The line in this example 
would 
be used in the interrupted 
dc mode (duration 
of each inter· 


ruption 
greater 
than 
one second), 
the 
maximum 
allowed 
voltage 
between 
any conductor 
and ground 
is .;; 135 volts. 
Maximum 
current 
should 
be limited 
to 150mA if the cable 
has compensating 
inductive 
coils in it. Balanced 
operation 
of 
the 
line 
is strongly 
recommended 
to 
reduce 
possible 
cross 
talk 
interference 
as well 
as to 
allow 
larger 
signal 


magnitudes 
to be used. Precaution 
also should 
be taken 
to 
protect 
the line and equipment. 
The line needs to be fused 
to ensure 
against 
equipment 
failure 
causing 
excessive cur· 


rent 
to 
flow 
through 
telephone 
company 
equipment. 
In 
addition, 
protection 
from 
damaging 
transients 
must 
be 
taken 
via 
spark 
gap 
arrestors 
and 
commercial 
transient 
suppressors. 
Details 
of private 
line metallic 
circuits 
can be 
founded 
in 
the 
American 
Telephone 
and 
Telegraph 
Company 
publication 
43401. 


In this application, 
a 48V dc floating 
power source supplies 


the 
signal 
for 
the 
metallic 
line. 
The 
HCPL-3700 
upper 


voltage 
threshold 
level is set for V+ = 36V (75%). Conse- 
quently, 
Rx is 


V+ - VTH+ 


ITH+ 


36V -3.8V 


2.5mA 


(use Rx/2 = 6.49 kn, 
1% 


resistor 
in each input level) 


RESERVOIR 
SWITCH 
CONDITION 
CONDITION 


FUll 
OPEN 


LOW 
CLOSED 
=:J 


15VAC 
WATER 
PUMP 


-----o-r 


I 


R./2 


"N 


01 i 


V,N 


02 
\ 


SPARK 
R./2 


GAP 


RESERVOIR 
FLOAT 
SWITCH 
,---, 


~~.J 


48VOC-=- 
~ 
SPARK 


B~~~~~;D 
GAP 


yielding 
VHYS 
= 16.5V. 
The 
average induced 
ac voltage 
from adjacent 
power 
lines is usually 
less than 10 volts (ref· 
erence 
ATT 
publication 
43401) 
which 
would 
not 
falsely 
turn 
on, or off, the HCPL-3700, 
but could affect 
conven- 
tional optocouplers. 


Under normal 
operation 
(full reservoir), 
the optocoupler 
is 
off. 
When 
the 
float 
switch 
is closed 
(low reservoir), 
the 
optocoupler 
output 
(VOL) needs inversion, via a transistor, 


to drive the 
power 
Darlington 
transistor 
which controls 
a 
motor 
starting 
relay. 
The 
relay 
applies 
ac power 
to the 


system 
water 
pump. 
With VCC = 1OV, IB2 = 0.5mA. 
IB1 = 


0.5mA. 


Vcc - 2VSE 


IS2 


10V - 
1.4V 


O.5mA 


Vcc - VSE 


IS1 


10V - O.7V 


O.SmA 


RL 
18.6 kn 


IRL 
18 kn) 


For this application, 
the ac inputs could also be used, which 


would 
remove any concern 
about 
the polarity 
of the input 


signal. 


The 
HCPL-3700 
optocoupler 
combines 
a unique 
function 
of threshold 
level detection 
and optical 
isolation 
for inter· 


facing sensed signals from electrically 
noisy, and potentially 
harmful, 
environments. 
Protection 
from 
transients 
which 
could 
damage 
the threshold 
detection 
circuit 
and 
LED is 
provided 
internally 
by the Zener diode bridge rectifier 
and 
an external 
series resistor. 
By examination 
of Figure 1, it is 


seen that an input 
ac voltage clamp condition 
will occur at 


a maximum 
of a Zener diode voltage 
plus a forward 
biased 


diode voltage. 


At clamp 
condition, 
the 
bridge 
diodes 
limit 
the 
applied 


input 
voltage 
at the device and shunt 
excess input 
current 


which 
could 
damage 
the 
threshold 
detection 
circuit 
or 


cause excessive stress to the LED. 


The HCPL-3700 
optocoupler 
can tolerate 
significant 
input 


current 
transient 
conditions. 
The 
maximum 
dc 
input 


current 
into 
or out 
of any lead is SOmA. The 
maximum 


input 
surge 
current 
is 140mA 
for 
3ms 
at 
120 Hz pulse 
repetition 
rate, and the maximum 
input transient 
current 
is 
500mA 
for lOllS at 120 Hz pulse repetition 
rate. The use of 
an external 
series resistor, 
Rx' provides 
current 
limiting 
to 
the 
device 
when 
a large voltage 
transient 
is present. 
The 
amplitude 
of the 
acceptable 
voltage 
transient 
is directly 
proportional 
to the value of Rx' 


However, 
in order 
to 
protect 
the 
HCPL-3700 
when 
the 
input voltage to the device is clamped, 
the maximum 
input 
current 
must not be exceeded. 
An external 
means by which 
to enhance 
transient 
protection 
can be seen in Figure 
16. 


A transient 
RxCp filter can be formed 
with Cp chosen 
by 


the 
designer 
to provide 
a sufficiently 
low break point for 
the 
low 
pass filter 
to 
reduce 
high frequency 
transients. 


However, 
the 
break 
point 
must not be so low as to atten· 


uate the signal frequency. 
Consider the previous ac applica- 


tion where 
no filtering 
was used. 
In that 
application, 
Rx = 
37.4 kn, 
and if the bandwidth 
of the transient 
filter needs 


to be 600 Hz, then Cp is: 


Should 
additional 
protection 
be needed, 
a very effective 
external 
transient 
suppression 
technique 
is to use a com- 


mercial 
transient 
suppressor, 
such as a Transzorb 
@ 
,or 


metal oxide varistor, 
MOV 
@ 
,at 
the input to the resistor 
network 
prior to the optocoupler. 
The Transzorb 
@ 
will 


provide 
extremely 
fast transient 
response, 
clamp the input 


voltage to a definite 
level, and absorb 
the transient 
energy. 


Selection 
of a Transzorb 
® 
is made by ensuring 
that the 


reverse 
stand 
off voltage 
is greater 
than 
the 
continuous 


peak operating 
voltage 
level. Transzorbs 
@ 
can be stacked 


in series or parallel for higher 
peak power ratings. Depend- 
ing 
upon 
the 
designer's 
potential 
transient 
problems, 
a 


solution 
may 
warrent 
the 
expense 
of a commercial 
sup- 


pression device. 


Thermal 
considerations 
which should 
be observed 
with the 


HCPL-3700 
are 
few. 
The 
plastic 
8 
pin 
DIP package 
is 


designed 
to be operated 
over a temperature 
range of -25°C 


to 85°C. The absolute 
maximum 
ratings are established 
for 


".n 


(v 
cp 
HCPL·3700 


"." 
• 


a 70°C 
ambient 
temperature 
requIring 
slight 
derating 
to 
85°C. 
In 
general, 
if operation 
of the 
HCPL-3700 
is at 
ambient 
temperature 
of 70°C or less, no heat sinking is re- 


quired. 
However, 
for 
operation 
between 
70°C 
and 85°C 
ambient 
temperature, 
the 
maximum 
ratings 
should 
be de- 
rated per the data sheet specifications. 


The 
HCPL-3700 
optocoupler 
is a standard 
8 pin dual-in- 


line plastic 
package 
designed 
to interface 
ac or dc power 
systems 
to logic systems. 
This optocoupler 
can be mounted 
directly 
onto 
a printed 
circuit 
board 
by wave soldering. 


Special 
considerations 
must 
be given for 
printed 
circuit 
board lead spacing for different 
safety agency requirements. 


Various 
standards 
exist with safety 
agencies 
(U.L., V.D.E., 
I.E.C., 
etc.) 
and should 
be checked 
prior to PC board 
lay- 


out. The HCPL-3700 
optocoupler 
component 
is recognized 
under 
the 
Component 
Program 
of 
Underwriters 
Laboratories, 
Inc. in file number 
E55361. 
This file qualifies 
the 
component 
to 
specific 
electrical 
tests 
to 
220V 
ac 
operation. 


The spacing 
required 
for the PC board leads depends 
upon 
the 
potential 
difference 
that 
would 
be observed 
on the 
board. 
Some 
standards 
that 
could 
pertain 
to equipment 
which 
would 
use the 
HCPL-3700 
are UL1244, 
Electrical 
and Electronic 
Measuring and Testing Equipment, 
UL 1092, 
Process 
Control 
Equipment, 
and 
IEC348, 
Electronic 
Measuring 
Apparatus. 
Spacing for the worst case in an un· 
controlled 
environment 
with 
a 2000 
volt·amperes 
maxi· 


mum 
supplying 
source 
rating 
must 
be 
3.2mm 
(0.125 
inches) for 51 - 
250 volts RMS potential 
difference 
over a 
surface 
(creepage 
distance). 
and 
3mm 
(0.118 
inches) 


through 
air (bare wire). These separations 
are between 
any 


uninsulated 
live part 
and uninsulated 
live part of opposite 


polarity, 
or uninsulated 
ground 
part 
other 
than 
the 
en- 


dosu re or an exposed 
metal part. 


An uncontrolled 
environment 
is an environment 
which has 


contaminants, 
chemical 
vapors, 
particulates 
or any 
sub- 


stances 
which 
would 
cause 
corrosion, 
decrease 
resistance 


between 
PC board 
traces 
or, in general, 
be an unhealthy 


environment 
to human 
beings. 


For 0 - 
50 volts RMS, the spacing is 1.6mm (0.063 
inches) 


through 
air or over surfaces. 


The 
HCPL-3700 
provides 
the 
needed 
isolation 
between 
a 


power signal environment 
and a control 
logic system. 
How· 


ever, there 
exists 
a physical 
requirement 
to actually 
inter· 


connect 
these two environments. 
This interconnection 
can 


be accomplished 
with 
barrier 
strips, edge card connectors, 


and 
PCB socket 
connectors 
which 
provide 
the 
electrical 


cable/field 
wire connection 
to the 
I/O logic system. 
These 


connectors 
provide 
for easy removal 
of the 
PC board for 


repair or substitution 
of boards 
in the I/O housing 
and are 


needed 
to satisfy 
the safety 
agency 
(U.L., V.D.E., 
I.E.C.) 


requirements 
for 
spacing 
and 
insulation. 
Connectors 
are 


readily 
available 
from 
many 
commercial 
manufacturers, 


such as Connection 
Inc., Buchanan, 
etc. The style of con· 


nector 
to 
choose 
is dependent 
upon 
the 
application 
for 


which the PC board is used. If possible it is wise to choose a 
style which 
does 
not 
mount 
to the PC board. This would 


enable 
the 
PC card to be removed 
without 
having to dis· 


connect 
field wires. The use of connectors 
which are called 
"gas 
tight 
connectors" 
provide 
for 
good 
electrical 
and 


mechanical 
reliability 
by reducing 
corrosion 
effects 
over 


time. 


VIHC2 
VIHC3 
'IN 
VIN 
VTH+ 
VTH- 
ITH+ 
ITH_ 
Rx 


Ip+ 
Vpeak 
Vo 


Externally 
Applied Voltage 
- 
External 
Upper Threshold 
Voltage 
Level 
External 
Lower Threshold 
Voltage 
Level 
Device" 
Input Voltage Clamp Level; Low 
Voltage 
DC Case 
Low Voltage AC Case 
High Voltage 
DC Case 
Device Input Current 
Device Input Voltage 
Device Upper Voltage Threshold 
Level 
Device Lower Voltage Threshold 
Level 
Device Upper Input Current 
Threshold 
Level 
Device Lower Input Current 
Threshold 
Level 
External 
Series Resistor for Selection 
of 
External 
Threshold 
Level 
External 
Parallel Resistor for Simultaneous 
Selection/Accuracy 
Improvement 
of 
External 
Threshold 
Voltage 
Levels 
Total 
Input Current 
at Upper Threshold 
Level 
to External 
Resistor 
Network 
(Rx' Rp) and 
Device 
Current 
in Rp at Upper Threshold 
Levels 
Peak Externally 
Applied Voltage 
Output 
Voltage of Device 


VOL 
Output 
Low Voltage of Device 
VOH 
Output 
High Voltage of Device 
'OH 
Output 
High Leakage Current 
of Device 
IOL 
Output 
Low Sinking Current 
of Device 
IIH 
Input High Current 
of Driven Gate 
II L 
Input Low current 
of Driven Gate 
VCC 
Positive Supply 
Voltage 
RIN 
Input 
Resistance 
of HCPL·3700 
VT+ 
== Schmitt 
Trigger Upper Threshold 
Voltage of 
TTL Gate (7414) 
RL 
Output 
Pullup 
Resistance 
CL 
Output 
Filter Capacitance 
C 
Input 
Filter Capacitor 
TH+ 
Upper Threshold 
Level 
TH 
Lower Threshold 
Level 
PRx 
Power Dissipation 
in Rx 
PIN 
Power Dissipation 
in HCPL-3700 
Input 
IC 
PA 
Input Signal Port to P.I.A. 


t+ 
Turn On Time 
t 
Turn Off Time 
T 
Period of Waveform 
Cp 
Similar to Rp 
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PACKARD 
APPUCATION NOTE 1005 


Operational Considerations for 
LED Lamps and Display Devices 


In the design of a display system, which incorporates LED 
lamps and display devices. the objective is to achieve an 
optimum 
between light output, 
power dissipation, 
re- 
liability. and operating life. The performance character- 
istics and capabilities of each LED device must be known 
and understood 
so that 
an optimum 
design can be 
achieved. The primary source for this information is the 
LED device data sheet. 


The data sheet typically contains Electrical/Optical Char- 
acteristics that list the performance of the device and 
Absolute 
Maximum Ratings in conjunction 
with char- 
acteristic 
curves and other data which 
describe 
the 
capabilities of the device. A thorough understanding of 
this information and its intended useprovides the basisfor 
achieving an optimum design. 


This application note presents an in-depth discussion of 
the theory and useof the electrical and optical information 
contained within a data sheet. Two designs using this 
information 
in the form of numerical examples are pre- 
sented, one for dc operation and one for pulsed (strobed) 
operation. The calculated results for each example are 
underlined 
and accented 
by an arrow 
(-) 
for each 
identification. Specific information on operation without 
derating and the soldering of plastic LED devices is also 
presented. 


Typical 
Data Sheet Information 


A data sheet typically contains Absolute Maximum Rat- 
ings, Electrical/Optical 
Characteristics. and typical oper- 


ating graphs. The Absolute Maximum Ratings list such 
items as the maximum allowed forward currents, power 
dissipation. and operating ambient temperature range. 
The Electrical/Optical 
Characteristics Iist such data asthe 
luminous intensity specification (Iv). forward voltage (VF), 
peak wavelength (APEAK).dominant wavelength (Ad),and 
the device thermal resistance LEDjunction-to-pin 
on a per 
LED element basis (R8J_PIN)' 


The five graphs that are usually contained within a data 
sheet are: 


Figure 1: 
Pulsed Mode Operating Curves 
Figure 2: 
Current Derating vs. Temperature 
Figure 3: 
Relative Luminous Efficiency 
Figure 4: 
Forward Voltage Characteristic 
Figure 5: 
Light Output vs. DC Drive Current 


The data sheel also provides an equation to calculate the 
expected maximum forward voltage at a given current. 


Design Criteria 


This application 
note assumes that the objective of a 


specific design is to achieve a maximum light output from 
a display that is operated in an elevated ambient temper- 
ature. The two crneria that establish the operating limits 
are the maximum drive current and the maximum LED 
junction 
temperature. The maximum drive current has 


been established to ensure a long operating life and the 
maximum LED junction temperature is governed by the 
device package. The data sheet will list the maximum 
allowed drive currents for a specific device. The absolute 
maximum allowed LED junction 
temperature (TJ MAX) 


differs for the various device package configurations. For 
most plastic display devices, TJ MAX = 100°C; for most 
plastic lamps. TJ MAX = no°c; 
and for alphanumeric PC 
board monolithic displays. TJ MAX = no°c 
(for some PC 
board monolithic displays, TJ MAX = BO°C). 


Thermal 
Resistance 


The LED junction temperature is the sum of the ambient 
temperature (TA) and the temperature rise above ambient 
(L'>TJ), which is the product of the power dissipated within 
the junction 
(PD) 
times the thermal 
resistance 
LED 
junction-to-ambient 
(R8JA). 


TJ (OC) = TA + L'>TJ 
TJ (OC) = TA + PD R8JA 


The cathode pins of an LED device arethe primary thermal 
paths for heat dissipation from the LED junction into the 
surrounding environment. The data sheet lists the thermal 
resistance LED junction-to-pin 
(R8J-PIN)for the device. 


This device junction-to-pin 
thermal resistance is added to 


the 
thermal 
resistance-to-ambient 
of 
the 
PC board 
mounting assembly (R8pc-A) to obtain the overall value of 
R8JAon a per LED element basis. (NOTE: For monolithic 
displays, thermal resistance is calculated on a per digit 
basis.) 


R8JA= R8J-PIN+ R8pc-A 


= °C/W/LED Element 
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For reliable operation. it is recommended that the value of 
R/iPC-Abe designed low enough to ensure that the LED 
junction 
temperature 
does not exceed the maximum 
allowed value. 


The derating vs. temperature. Figure 2. is derived from the 
LED junction 
temperature rise above ambient as estab- 
by the maximum allowed power dissipation 
(Po MAX) 
which is derated linearly to zero power when TA=TJ MAX. 
The values of R8JAshown on Figure 2are derived from the 
quotient of f'.TJ and Po MAX for a specified operating 
temperature. 


Rq,JA(OC/W/LED) = 


aTJ (OC) 
-_._-- 
Po MAX (W) 


(3) 


TJ MAX - TA OPERATING 


Po MAX 


The value of Po MAX is the power dissipation within a 
maximum 
forward 
voltage 
device when driven at the 
maximum data 'sheetcurrent. Thus. R/iJAis determined on 
the basis of worst case power dissipation. 


The derating curve with the largest R/iJAvalue in Figure 2. 
normally a derating from TA = 50° C. represents a man- 
datory derating for a typical application 
that utilizes a 
single sided PC board with 0.51mm (0.020 inch) wide 
traces. assuming that no other provision is provided for 
heat dissipation. The other derating curves from higher 
ambient temperatures. shown as dashed lines on Figure 2. 
represent 
allowed 
increased drive currents 
when the 
design incorporates a more elaborate PC board mounting 
assembly to obtain a lower R/iJAvalue for increased heat 
dissipation. The temperature deratings of Figure 2 ensure 
reliable operation for both dc and pulsed mode operation. 


Worst Case Power Calculation 


The worst case power is that power dissipated within the 
junction of a maximum forward voltage device. The worst 
case power is used for determining the worst case TJ that 
will 
result from 
a specific 
drive current 
and thermal 
resistance. see Equation 1. The expected maximum for- 
ward voltage 
(VF MAX) at a selected drive current 
is 
determined by an equation on the data sheet of the form: 


The worst case power is the product of the time average 
current under pulsed operation (dc current for dc oper- 
ation) times VF MAX: 


PWORSTCASE= (loc) (VF MAX); For DC Operation 
(5) 


PWORSTCASE= (IPEAK)(DUTY FACTOR) (VFMAX at IPEAK); 


For Pulsed Operation 


Current 
Limiting 


An LED is a current operated device and some kind of 
current limiter must be incorporated as part of the drive 
circuitry. This current limiter usually takes the form of a 
resistor placed in series with the LED. The typical forward 
voltage characteristic 
of Figure 4 is used to calculate the 
series current limiter for each LED element. 


VCC(POWERSUPPLY)-VSAT(ORIVETRANSISTORS)-VF(FIGURE 
4) 


IPEAKCURRENTPERLEOELEMENT 


Light Output 


The time averaged luminous intensity (Iv) at TA = 25°C for 
a particular drive condition 
may be calculated using the 
relative luminous intensity characteristic of Figure 5for dc 
operation or the relative efficiency characteristic ('7IPEAK) 
of Figure 3 for pulsed operation. For dc operation. Iv (TA= 
25°C) is equal to the product of the data sheet luminous 
intensity 
specification 
times 
the 
relative 
factor 
for a 
specific dc current from Figure 5. 


Iv DC = 
(7) 


(Iv DATA SHEET) (FACTOR FROM FIGURE 5) 


For pulsed operation. the time averaged luminous at TA = 
25°C is calculated using the following equation: 


Iv TIME AVG = 


[ 
IAVG 
J ['7IPEAK][Iv DATA SHEET] 
IAVGDATA SHEET 


Where: IAVG=The average forward current through 
an 
LED element 


IAVGDATA SHEET = 
The 
average 
current 
at 
which Iv DATA SHEET is measured 


The luminous intensity value at TA = 25°C is adjusted by 
the follOWing exponential 
equation 
to obtain the light 
output value at the operating ambient temperature. 


LED 
k 


Standard Red 
-.0188/oC 


High Efficiency Red 
-.0131/oC 


Yellow 
-.0112/oC 


Green 
-.0104/oC 


Pulsed Mode ys. DC Operation 


When operating an LED device under dc drive conditions. 
the junction 
temperature 
is a linear function 
of the dc 
power dissipation multiplied by R/iJA.The light output is 
proportional 
to the dc drive current 
as expressed in 
Equation 7. 


The use of a 50 or 60 Hertz half or full-wave rectified ac as 
the drive current for LED devices is not recommended. 
since the rms power in a rectified sine wave is greater than 
the time averaged power of a rectangular waveform of an 
equivalent peak value. Pulsed drive conditions are based 
on the assumption that the drive current 
pulses are a 
rectangular 
waveform. If a rectified sine wave is to be 
used, in no case should the value of the peak current 
exceed the maximum allowed dc current value. 


When operating an LED device in a pulsed mode. it is the 
peak junction temperature (not the average) that governs 


the performance 
of the device 
as to the allowed 
time 
average power dissipation 
and light output. The lower the 
peak junction 
temperature 
(TJ PEAK) is in relationship 
to 
the 
time 
average 
junction 
temperature 
(TJ AVG), 
the 
greater 
is the light output 
of the device. At slow refresh 
rates (the number of times per second a device is pulsed) 
in the range of 100 Hz, TJ PEAK is greater than TJ AVG. As 
the refresh rate approaches 
1000 Hz, the value of TJ PEAK 
approaches 
the value of TJ AVG. Therefore, 
it is recom- 
mended that whenever possible LED devices be refreshed 
at a 1 KHz rate or faster, since at these faster pulse rates TJ 
PEAK is assumed 
to be equal to TJ AVG and the light 
output 
is a function 
of TJ AVG. 


Design Steps 


In order to determine 
the derated drive conditions 
from 
the data sheet for an elevated 
ambient 
temperature, 
a 
value for R()JAmust be selected. Once a value for R()JAhas 
been 
selected, 
the 
required 
current 
derating 
can 
be 
determined 
for the operating 
ambient temperature 
direct- 
ly from Figure 2. As illustrated 
in the pulsed mode design 
example, the dc derating 
is used to determine the pulsed 
current derating. 


The four basic design steps are: 


1. Determine 
derated drive currents. 


2. Calculate the required value of R()PC-Aforthe 
PC board 
mounting 
configuration. 


3. Calculate the value of the current limiting 
resistor. Use 
the 
nearest 
standard 
value 
resistor 
larger 
than 
the 
calculated 
value. 


4. Calculate 
the light output. 


DC Design Example 


A high 
efficiency 
red seven segment 
display 
is to be 
operated in an ambientofTA 
= 65°C. Pertinent data forthis 
device are: 


Maximum 
DC Current 
per segment (TA = 50°C) 
= 20mA 


Maximum Average Power Dissipation 
(TA = 50° C) = 81mW 


Iv TYPICAL 
= 300J./cd per segment at IDC = SmA 


R()J-PIN = 282° C/W/Segment 


VF MAX = 1.60V + IDC (450); for SmA :S IDC:S20mA 


TJ MAX = 100° C 


The data sheet curves on page 2 apply to this device. It is 
assumed that a value of R()JA= 494°C/W/Segment 
or less 
will be incorporated 
into the display system design. 


Step 1. 
The derated dc drive current is determined 
from Figure 2. 


At TA = 65°C and R()JA:S 494°C/W/Segment, 


IDC MAX = 17.5mA •• 
IDC MAX 


Step 2. 
The 
required 
maximum 
thermal 
resistance 
for the PC 
board assembly 
is calculated 
from Equation 
2: 


R()PC-A 5: (494-282) 
= 212°C/W/Segment_ 
R()PC-A 


Step 3. 
A value of VSAT = 0.4 volts is assumed for the LED drive 
transistors. 
From Figure 4, 


VF TYP (17.5mA) 
= 2.0V 


From Equation 6 and assuming 
Vcc 
= 5.0V: 


RUMITER= 5.0V - O.4V - 2.0V 
= 1490 
-RLIMITER 
0.Q175A 
= 


Use a 1500 standard value resistor. 


Step 4. 
From Figure 5, the normalized 
light at 17.5mA is a factor of 
4.4 x the light output at SmA. 


From Equation 
7: 


Iv (25° C) = (300J./cd)(4.4) = 1320 J./cd/segment 


Using Equation 9 to adjust the light output for TA = 65°C: 


Iv (65°C) 
= (1320J./cd)e(-·0131/'C (65-25)'C) 


Iv (65° C) = (1320)(0.592) 
= 782pcd/segment 
• 
Iv 


Pulsed Mode Design 
Example 


A four digit 
display 
using the same high efficiency 
red 
seven segment display 
described 
in the DC Design Ex- 
ample is to be operated in a pulsed mode in an ambient of 
TA = 65°C. Additional 
pertinent 
data for this device are: 


Maximum 
Peak Current 
per Segment 


(TA = 50°C, Pulse Width = 2ms) = 60mA 


VF MAX = 1.75V + IPEAK(380); 
for IPEAK~ 20mA 


It is assumed that a value of R()JA = 494°C/W/segment 
or 
less will be incorporated 
into the display system design. 


Figure 1 is used to select the refresh conditions 
for pulsed 
operation. 
These refresh conditions 
are junction 
temp- 


erature 
related to the dc current 
deratings 
of Figure 2. 


Figure 
1 relates the ratio of maximum-peak 
current 
to 
temperature 
derated maximum dc current (IPEAKMAX/IDC 
MAX) and pulse duration 
(tp) as a function 
of refresh rate 
(f). The allowed 
average 
power 
dissipation 
decreases 
below f = 1kHz since the difference 
between TJ PEAK and 
TJ AVG 
increases 
with 
decreasing 
refresh 
rates. This 
condition 
is illustrated 
by the dashed line shown on Figure 
1, which 
shows 
the 
ratio 
of 
IpEAK MAX to 
IDC MAX 
decreasing 
with slower refresh rates with the duty factor 
fixed at 1 of 4. 


Step 1. 
For best performance, 
a refresh rate of 1kHz will be used: 


f = 1kHz •••1------------------ 
= 
A four digit display 
sets the duty factor 
(D. F.) at one of 
four: 


D.F. = 1/4 •• 
D.F. 


tp = (1/f)(D.F.) 
= (1/1000 HZ)(1/4) = 250ps •• 
tp 


From Figure 1: 
IPEAK/IDCMAX = 3.3.;for tp = 250J./sand f = 1kHz 


From Figure 2: 
IDC MAX, at TA = 65° C and R()JA= 494° C/W/Segment, 
is 
17.5mA 


IPEAK= (IPEAKMAX/IDC MAX)(IDC MAX from Figure 2) 


IPEAK= (3.3)(17.5mA) 
= 57.8mA per Segment - 
IPEAK 


IAVG= (IPEAK)(D.F.) = (57.8mA)(1/4) 
= 14.5mA_IAVG • 
These are the maximum 
pulsed mode drive currents 
for 
this design as defined by TA = 65°C and R()JA:S494°C/W/ 
segment. 


Step 2. 
The required maximum thermal resistance for the PC 
board assembly is calculated from Equation 2: 


RlipC-A:S (494-282) = 
212°CIW/segment 
_ 
RlipC-A MAX 


Step 3. 
A value of VSAT= 1.2 volts is assumed for the LED drive 
transistors. From Figure 4, 


VF TYP (57.8mA) = 2.85V 


From Equation 6 and assuming Vcc = 5.0V: 


R 
- 5.0V - 1.2V - 2.85V - 160 -----RUMITER 
UMITER- 
0.578A 
- = 


Use a 170 standard value resistor. 


Step 4. 
From Figure 3, the relative efficiency for IPEAK= 57.8mA is: 


7)IPEAK= 1.61 
From Equation .It 


Iv(250C) = [14.5mAl [1.61][300tJcd) 
= 
5mA J 


1401tJcd 
per segment 


Using Equation 9 to adjust the light output for TA = 65°C: 
Iv(650C) = (1401tJcd)el-.0131/'C(65-25)'C] 


Iv (65°C) = (1401)(0.592) = 829tJcd 
per Segment-Iv 


Operation 
Without 
Derating 


LED lamp and display devices may beoperated in elevated 
ambient temperature environments without derating only 
when the PC board mounting configuration 
is designed 


for a sufficiently 
low thermal 
resistance. The critical 
criterion is that the LED junction temperature must not 
exceed the TJ MAX value for the device. This low thermal 
resistance design will typically include such items as a 
maximum metallized PC board and possible heat sinking 
to ensure adequate 
heat dissipation. 
In no situation 


should 
the absolute 
maximum 
current 
limitations 
be 


exceeded. 


The necessary thermal resistance requirements for oper- 
ation without derating are calculated using the value for 
worst case power dissipation. A numerical example using 
the LED display device from the above two examples will 
illustrate the calculation procedure. 


Step 1. 
Determine the maximum permissible value for RIiJA. 


The absolute maximum power dissipation as listed on the 
data sheet for this particular LED device is 81mW. The 
operating ambient temperature is to be 65°C. 


Referring to Equation 3 


RIiJAMAX:S TJ MAX - TA OPERATING 
PMAXDATA SHEET 


For this example: 


RIiJAMAX:S 100°C -65°C 
= 4320C/W/Segment 
.081W 


The required limit on the thermal resistance for the PC 
board mounting 
configuration 
is derived by rewriting 
Equation 2: 


Rlipc-A MAX :SRIiJA MAX - RIiJ-PIN 


The particular LED display device used in this example 
may be operated at maximum power dissipation in an 
ambient of TA = 65°C without derating as long as the PC 
board mounting configuration is designed to have Rlipc-A 
:S150°C/W/Segment. 


CAUTION: 
Since these calculations 
are based on 
only TJ AVG and exclude the consider- 
ation 
of TJ PEAK, pulsed 
operation 
without 
derating 
is only recommended 
for refresh rates of 1kHz or faster. 


Because plastic LED devices utilizing a lead frame con- 
struction 
have the LED dice attached directly 
to the 
cathode lead, the cathode lead is the direct thermal and 
mechanical stress path to the LED dice. For this reason, it 
is necessary to carefully control the solder temperature 
and dwell time in the solder wave to ensure subsequent 
reliable operation. LED devices can be effectively wave 
soldered with a wave temperature of 245°C and a dwell 
ti me of 1'h to 2 seconds. 


The post solder cleaning 
process 
is also crucial 
to 


ensuring reliable performance. In order to optimize device 
optical 
performance, 
specially 
developed 
plastics are 


used which restrict the solvents that may be used for 
cleaning. It is recommended that only mixtures of Freon 
(F113) and alcohol be used for vapor cleaning processes, 
with an immersion time in the vapors of less than two (2) 
minutes maximum. Some suggested vapor cleaning sol- 
vents are Freon TE, Genesolv DI-15 or DE-15, Arklone A 
or K. A 60°C (140° F) water cleaning process may also be 
used, which includes a neutralizer rinse (3% ammonia 
solution or equivalent), a surfactant rinse (1% detergent 
solution or equivalent), a hot water rinse and a thorough 
air dry. Room temperature cleaning may be accomplished 
with Freon T-35 or T-P35, Ethanol, Isopropanol or water 
with a mild detergent. 


Some LED devices may require special handling during 
soldering, during post solder cleaning, or may not lend 
themselves to a wave soldering process. Three specific 
considerations are: 


1. Plastic LED Lamps: The plastic encapsulant that forms 


the lamp package isthe only supporting element for ttfe 
leads. It is important to prevent stresses from entering 
the device package which could damage the LED die 
attach and wire bonds. The leads of a lamp may be bent 
to a desired angle by observing the following 
pro- 


cedure. Firmly grasp the leads at the base of the lamp 
package with a pair of needle nose pliers to support the 
lamp while bending the leads. Overheating during 
soldering will cause melting of the plastic, allowing 
possible lead movement to occur which may result in 
the catastrophic failure of the die attach or wire bonds. 
Care should be taken to ensure that no stresses are 
applied 
to the leads during 
the soldering 
process. 


External stresses applied to the leads during soldering 
could induce strains within the device package that 
may induce latent failure. Once properly soldered in 
place, an LED lamp will typically exhibit a very high 
degree of reliability. 


2. PC Board Monolithic Displays: Many PC board mono- 
lithic 
displays 
do 
not 
lend themselves 
to a wave 
soldering process. The plastic lens that covers the LED 
chips and wire bonds is attached to the PC board 
without forming a seal. The chemicals used in a wave 
soldering process can collect underneath the lens. The 
post solder cleaning process may not remove all of the 
trapped chemicals and prolonged exposure of the LED 
dice and wirebonds 
to these chemicals 
can cause 
permanent 
damage. Also, the plastic used to make 
some of the lenses is susceptible to damage from rosin 
fluxes 
and hydrocarbon 
cleaners. The two recom- 
mended installation 
procedures 
are either to hand 
solder flexible cable to the display contacts or use 
solderless connector 
pins such as the 022-002 series 


supplied 
by JAV Manufacturing, 
125 Wilbur 
Place, 


Bohemia, NY 11716. Effective room temperature clean- 
ing may be accomplished using Freon TP-35 or TE-35, 
solvent temperature :s 30°C and an immersion time:S2 
minutes. 


3. Silver Lead Frames: Many plastic LED devices utilize a 
silver plated lead frame. Silver plating provides ex- 
cellent solderability as long as the leads are kept free 
from tarnish buildup due to coming 
in contact with 
sulfur compounds. Application 
Bulletin 3 offers speci- 


fic information 
on the effective use and soldering of 
silver lead frame devices. 


It is suggested that the device data sheet be consulted 
for specific information on wave soldering. 


I 


INTRODUCTION 
Hewlett-Packard's 
line of seven segment LED display 
products can be divided into two broad categories. The 
first product family is the large seven segment display 
which is constructed using individual LEOsfor each seg- 
ment. These large single digit LED display devices have 
become common in instruments throughout the industry. 
The other standard type of seven segment device is 
known as the monolithic display. Monolithic displays are 
constructed by diffusing several LEDjunctions in a single 
GaAsP die. This type of display is characterized by its 
small size, low cost, and low power requirements. The 
monolithic display typically has several digits per pack- 
age and is often found in calculators and hand held or 
portable instruments. 


This application note begins with a detailed explanation 
of the two basic product lines that Hewlett-Packard offers 
in the seven segment display market. This discussion 
includes mechanical construction techniques, character 
heights, and typical areas of application. The two major 
display drive techniques, de and strobed, are covered. 
The resultant tradeoffs of cost, power, and easeof useare 
discussed. This is followed by several typical instrument 
applications including counters, digital voltmeters, and 
microprocessor interface applications. Several different 
microprocessor 
based drive techniques are presented 
incorporating 
both the monolithic and the large seven 
segment LED displays. 


The application note contains a discussion of intensity 
and color considerations made necessary if the devices 
are to be end stacked. Hewlett-Packard has made several 
advances in the area of sunlight viewability of LED dis- 
plays. The basic theory is discussed and recommenda- 
tions made for achieving viewability in direct sunlight. 
Information concerning display mounting, soldering, and 
cleaning is presented. Finally, an extensive set of tables 
has been compiled to aid the designer in choosing the 
correct hardware to match a particular application. These 
tables include seven segment decoder/drivers, digit driv- 
ers, LSI chips designed for use with LEOs, printed circuit 
board edge connectors, and filtering materials. 


LARGE SEVEN SEGMENT 
DISPLAYS 
The large seven segment displays are designed to be easy 
to read single digit LED devices (Figure 1). They are typi- 
cally used in electronic instruments, point-of-sale termi- 
nals, weighing 
scales, digital 
clocks, televisions, 
and 
appliances. The colors available are standard red, high 
efficiency red, yellow, and green. The standard red pro- 
duct is made from Gallium Arsenide Phosphide (GaAsP) 
on a GaAsP substrate. Both the high efficiency red and 
yellow sevensegment displays are madefrom GaAsPon a 
Gallium Phosphide (GaP) substrate. The green sevenseg- 
ment displays are madefrom GaPon a GaPsubstrate. The 
increased efficiency of the GaP material results in the high 
efficiency red, yellow, and green displays having 3 to 5 
times the minimum luminous intensity of the standard red 
displays. 


A wide range of character heights varying from 7.6 mm (0.3 
inch) t020.3 mm (0.8inch) allow the designer to choose the 
correct size display for the desired viewing range. The 
information in Figure 2 can be used to determine which 
character size display should be used for easy readibility. 
The information has been compiled for a standard viewer 
(20/20 eyesight) in typical office ambient condition (100- 
1000 lux) with the displays driven at recommended data 
sheet values. 


The large LED display devices are manufactured using 
the concept of stretching the light from an LED by diffu- 
sion and reflection. The LED chips are mechanically sup- 
ported and electrically connected by a lead frame. A cone 
shaped reflecting cavity is cast inside a rectangular pack- 
age above each LED. This is done using glass filled epoxy 
with the top of this cavity forming the stretched segment. 
The plastic housing, called a "scrambler," forms the dis- 
play package and contains the segment cavities. The 
stretched segment displays offer avariety of colors, sizes, 
and good on/off contrast. 


These seven segment display products are available in 
either common anode or common cathode configuration 
with either right hand or left hand decimal point. The 
displays can be either dc driven or operated in the strobed 
mode. The low forward voltage of the LEDs makes the 
displays inherently Ie compatible. The ±1overflow digit in 
the 14.1 mm (0.56 inch) package style is available in both 
common anode and common cathode configurations. For 
all 
other 
large seven segment 
displays, 
a universal 
overflow ±1 digit with right hand decimal point is available. 
The ±1 overflow digit has each LED anode and cathode 
present on external pins for ease of use. 


MONOLITHIC 
SEVEN 
SEGMENT 
DISPLAYS 
The monolithic sevensegment displays are small, low cost, 
low power, multi-digit LED devices.They aretypically used 
in desktop calculators, hand held instruments, metering 
devices, and various consumer products. With character 
heights ranging from 2.5 mm (0.1 inch) to 4.4 mm (0.175 
inch). the monolithic products provide a flexible family of 
seven segment displays. The 2.5 mm (0.1 inch) character 
height displays are designed for hand held applications, 
whereasthe4.4 mm (0.175inch) displays can beeasily read 
at distances up to 2 metres. 


Monolithic displays differ from other types of LED dis- 
plays in that the individual light emitting segments are 
formed by diffusing separate LED junctions on a single 
chip of GaAsP. Because GaAsP is relatively expensive, 
most monolithic displays are magnified to keep chip sizes 
small. In most cases, the monolithic display is magnified 
by an external lens to attain a viewable character size. 


Monolithic displays can be classified into two basic cate- 
gories according to whether the lens is of the immersion 
or non-immersion type. Immersion lenses are formed by 
molding a lens directly over the LED chip. Non-immersion 
lenses have at least one layer of air between the LED chip 
and the lens assembly. Monolithic displays constructed 
with immersion lenses (Figure 3a) are manufactured by 
die attaching the monolithic 
GaAsP chips to the lead 
frame. The die attach pad also forms the common cathode 
electrical connection to the monolithic chip. The alumi- 
num contact for each segment on the monolithic chip is 
then wire bonded to the appropriate anode contact. The 


completed device isthen fully encapSUlatedin epoxy. The 
magnifying lens is formed during encapsulation. 


Monolithic displays witil non-immersion 
lenses (Figure 
3b) are usually constructed by epoxy die attaching the 
monolithic 
GaAsP chips to a special high temperature 
printed circuit board. The electrical contact for each seg- 
ment on the monolithic chip is wire bonded to the approp- 
riate anode trace on the printed circuit board. A precision 
injection molded lens is then aligned and attached to the 
printed circuit board. This attachment is done using holes 
that were drilled during fabrication of the printed circuit 
board to ensure alignment. 


Hewlett-Packard's 
monolithic 
displays are of common 
cathode configuration 
since the GaAsP substrate is n 
doped material and each LED junction is formed by a P+ 
diffusion. Due to the monolithic 
display's low dynamic 
resistance in the forward region, multiplexing at relatively 
high peak current is possible while keeping forward vol- 
tage typically 
less than 1.8 volts. For this reason, long 
strings can be easily strobed. 


DC DRIVE 
TECHNIQUES 
(Large 
Seven Segment 
Displays 
Only) 
When seven segment displays are dc driven, each charac- 
ter is continuously illuminated. This is usually done with 
one decoder/driver per character and is commonly used 
for short display strings. If the display length is suffi- 
ciently short, the cost of dc decoding may be less than 
that of strobing circuitry. The fact that the drivers need not 
handle high current levels is a distinct advantage of dc 
operation. 
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Figure 4a. DC Drive CirculI for Ihe 5082-7660 
Common Anode Display 


Figure 
4a shows 
the standard 
configuration 
for a common 
anode 
display. 
The 
current 
level, 
set here at 20 mA per 
segment, 
is determined 
by Ihe relation 


R = Vcc 
- VF - VO(ON) = 5.0V - 2.2V - 0.35V = 125!1 
IF 
20 mA 


Vcc 
VF 
VO(ON) 


= voltage 
supply 
potential 


= forward 
voltage 
of LED at desired 
IF 


= ON state 
output 
voltage 
of display 
driver 
(74LS47) 


= desired 
forward 
current 
(20 mAl 


An analogous 
circuit 
is shown 
in Figure 
4b for a common 
cathode 
display. 
The 
Fairchild 
9368 
is a seven 
segment 
decoder/driver 
incorporating 
input 
latches 
and constant 
15 
mA current 
outputs 
to directly 
drive common 
cathode 
LED 
displays. 
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BCD 
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MULTIPLEXED 
DRIVE TECHNIQUES 


When 
multiplexing 
drive 
circuitry 
is used, the decoder 
is 


timeshared 
among 
digits 
in the 
display. 
The 
digits 
are 
electrically 
connected 
with 
like segments 
wired 
in paral- 
lel. This forms 
a seven (seven 
segments) 
by N (number 
of 
digits) 
array. 
In operation, 
the appropriate 
segment 
ena- 


ble lines 
are activated 
for 
the 
particular 
character 
to be 


displayed. 
Simultaneously, 
a digit 
enable 
line is selected 
so that the character 
appears 
at the proper 
digit 
location. 


The 
strobe 
then 
progresses 
to 
the 
next 
digit 
position, 


activating 
the 
proper 
segments 
and digit 
enable 
line for 
that position. 
Figure 
5 contains 
a block 
diagram 
of a typi- 


cal five digit 
multiplexed 
LED display. 


Since 
the eye is a relatively 
slow 
time 
average 
sensor, 
a 


viewer 
will 
perceive 
a repetitive 
visual 
phenomenon 
to be 


continuous 
if it occurs 
at a rate 
in excess 
of about 
60 
events 
per second. 
Therefore, 
if the refresh 
rate for each 
digit 
is maintained 
at 100 times 
or more 
per second, 
the 
perceived 
display 
will appear 
flicker-free 
and easy to read. 
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Figure 6a. Relative Luminous 
Efficiency 
(Luminous 
Intensity per 
Unit Current) 
vs. Peak Segment Current 


In displays 
sUbject 
to vibration, 
a minimum 
strobe 
rate of 
five times 
the vibration 
frequency 
should 
be maintained. 


In addition 
to reducing 
the number 
of decoders 
and driv- 
ers. strobing 
requires 
less power 
than 
dc drive to achieve 
the same display 
intensity. 
This 
is due to a basic property 
of 
GaAsP 
where 
luminous 
efficiency 
(light 
output/unit 
current) 
increases 
with the peak current 
level (see Figure 
6a). Thus, 
for the same average 
current, 
the use of lower 
duty 
cycles 
and 
higher 
peak 
current 
levels 
results 
in 
increased 
light 
output. 
This 
phenomenon 
is illustrated 
in 
Figure 
6b. Notice 
that the graph 
is normalized 
to one at a 
forward 
current 
of 5 mA dc. If this same device 
were oper- 
ated 
at 25 mA peak, 
20% duty 
factor 
(as if in a five digit 
strobed 
display) 
the time averaged 
luminous 
intensity 
would 
increase 
40%. 


For common 
decoder/driver 
circuits, 
a series 
resistor 
is 
placed 
in each segment 
line to limit 
the LED current. 
This 
is done 
to 
prevent 
uneven 
current 
distribution 
among 
segments. 
Referring 
to Figure 
7, the current 
limiting 
resis- 
tor values 
may be calculated 
using 
the following 
formula: 


R = Vcc 
- VCE (SEG) - VF - VCE (DIG) 


IPEAK 


VCC 
= voltage 
supply 
potential 
VCE (SEG)= saturation 
voltage 
drop 
across 
segment 
driver 
at IpEAK 
VF 
= LED forward 
voltage 
at IpEAK 
VCE (DIG) = saturation 
voltage 
drop 
across 
digit 
driver 
at "PEAK x 8 (worst 
case number 
of 
segments 
oNII 


IpEAK 
= IAVERAGEx number 
of digits 
= peak 
LED 
segment 
current 
OR 


IpEAK = 
IAVG 
D.F. 
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Figure 6b. Relative Luminous 
Intensity per Segment vs. 
Average Current (5082-7650) 


TYPICAL 
APPLICATIONS 


Figure 
8 shows 
the 
complete 
circuitry 
for 
a minimum 
component 
universal 
counter. 
The IntersillCM72268 
is a 
fully 
integrated 
universal 
counter 
and LED display 
driver. 
It combines 
a high 
frequency 
oscillator, 
a decade 
time- 


base counter, 
an eight 
decade 
data counter 
with latches, 
a 
seven 
segment 
decoder, 
a digit 
multiplexer, 
and 
eight 
segment 
and eight digit 
drivers 
that drive monolithic 
LEOs 


directly. 
If the designer 
wishes 
to use the ICM7226A 
or 8 


(common 
anode 
or cathode) 
to drive large seven segment 


products, 
he should 
consider 
his 
application 
carefully I 
because 
higher 
drive 
currents 
are required 
to produce 
a: 
-: 
readable 
display. 


The 
ICM72268 
updates 
the 
segment 
information 
and 
refreshes 
the common 
cathode 
displays 
at an IPEAK of 15 
mA/segment 
on a 12% duty 
cycle. 
This 
drive 
current 
is 
ideal forthe 
monolithic 
seven segment 
family. 
The circuit 


in Figure 
8 employs 
two 5082-7414 
monolithic 
devices 
as 
the 
display 
portion 
of the 
counter. 
Typical 
devices 
will 
exhibit 
a 30 !Lcd time 
averaged 
luminous 
intensity, 
thus 
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providing 
excellent 
readability. 
Combining 
the compact- 
ness of the monolithic 
displays 
and the complexity 
of the 
single 
chip 
universal 
counter 
system, 
an extremely 
pow- 
erful 
hand held instrument 
can be realized. 


Figure 
9 shows 
the circuitry 
necessary 
for a high 
perfor- 
mance, 
low 
power 
3-1/2 
digit 
panel 
meter. 
The 
circuit 
utilizes 
the IntersillCL7107 
(CMOS) 
A/D converter, 
seven 
passive 
components, 
and four 
large seven segment 
dis- 
plays. 
All necessary 
active 
devices 
are contained 
on the 
chip. 
This 
includes 
seven 
segment 
decoders, 
display 
drivers, 
a reference 
voltage, 
and a clock. 


The 
ICL7107 
is designed 
to de drive 
3 seven 
segment 
displays 
and one overflow 
digit 
at a typical 
forward 
cur- 
rent 
of 8 mA per segment. 
The segment 
information 
is 
decoded 
and updated 
continuously 
by the control 
logic 
within 
the chip. The 7.6mm (0.3 inch) standard 
red displays 


(5082-7736/-7740) 
provide 
an attractive 
display 
for this low 
cost digital 
panel 
meter. 
For higher 
light 
output, 
the high 
efficiency 
red, yellow, 
or green displays 
can be used. 


MICROPROCESSOR 
DISPLAY 
INTERFACE 
TECHNIQUES 


The 
four 
basic 
techniques 
for 
interfacing 
microproces- 
sors to seven segment 
displays 
are listed 
below: 


1. The 
DC 
Driven 
Controller 
statically 
drives 
an 
LED 


seven segment 
display 
from 
a microprocessor 
output 
port. 
In the 
standard 
configuration, 
each 
display 
is 
assigned 
a different 
address 
so that 
a Memory 
or I/O 
Write to that address 
changes 
the contents 
of the cor- 
responding 
display 
digit. 


2. The Refresh 
Controller 
interfaces 
the microprocessor 
to a multiplexed 
LED display. 
The controller 
periodi- 
cally 
interrupts 
the 
microprocessor 
and 
after 
each 
interrupt, 
the 
microprocessor 
supplies 
new 
display 
data for the next refresh 
cycle 
of the display. 


3. The Decoded 
Data Controller 
refreshes 
a multiplexed 
LED display 
independently 
from 
the 
microprocessor 
system. 
The local 
RAM stores 
decoded 
display 
data. 


This data is continuously 
read from the RAM and then 
used to refresh 
the display. 
Whenever 
the display 
mes- 
sage 
is changed, 
the 
microprocessor 
decodes 
each 
character 
in software 
and writes 
the decoded 
data into 
the local 
RAM. 


4. The 
Coded 
Data 
Controller 
also 
refreshes 
a multi- 
plexed 
LED display 
independently 
from the micropro- 
cessor 
system. 
The local 
RAM stores 
BCD data which 
is continuously 
read, decoded, 
and used to refresh 
the 
display. 
The 
display 
message 
is changed 
by writing 
new BCD characters 
into the local 
RAM. 
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DC DRIVEN 
CONTROLLERS 


When the seven segment display is driven on a dc basis, a 
seven segment decoder/driver or latch is required for each 
display. Figure 10 shows an example of a seven segment 
display to microprocessor interface. Each display is driven 
by its own seven segment driver. The Fairchild 9374 has 
current sink outputs that drive each LED segment at 15 mA 
dc. The decimal points and overflow digit are driven by two 
National 
OS 8859's. These hex latches have program- 
mable current sink outputs. The Intel 8080A micropro- 
cessor updates each display with an OUTput instruction 
which accesses up to 256 output devices and ports. 


Upon execution of the OUTput instruction, the lower five 
bits of the accumulator are loaded into the DS8859 asso- 
ciated with the overflow digit. Next, the decimal point is 
updated in a similar fashion. Finally, the four decoder/ 
drivers 
are sucessively 
loaded with the correct 
BCD 
information. 


Figure 11 shows a DC Driven Controller 
utilizing 
the 
National MM5450 LED Display Driver. The MM5450 is a 
serial in-parallel out shift register with 34 output pins that 
can sink up to 15 mA each. It is specifically 
designed to 
operate with common anode displays and minimal inter- 
face with the source of data. Serial data transfer from the 
data source, in this case the microprocessor, 
to the dis- 
play driver is accomplished 
with two signals. These sig- 
nals are SERIAL DATA and CLOCK. By using a format of 
a leading "1" bit followed by the 35 data bits, data transfer 


is allowed without 
any additional 
handshaking 
signals. 


The 35 data bits are latched after the 36th bit is complete. 
This provides non-multiplexed, 
direct drive to the seven 
segment displays. 


Figures 12a and 12b contain the software necessary to 
interface the MM5450 to the 6800 and 8080A micropro- 
cessors respectively. The serial display data is transferred 
to the microprocessor via bit 7 of the Data Bus. The data is 
clocked 
in each time the microprocessor 
writes to the 
MM5450. In the case of the 8080A, this is done with the I/O 
WRITE signal and a combination 
of lower ordered ad- 


dresses. The 6800 accomplishes this task with the VMA 
signal and a combination 
of higher address bits. The 
decoded segment data is assumed to be in four succes- 
sive memory bytes starting at location $0006. The format 
of the decoded segment data for all microprocessor inter- 
faces in this note is shown in Figure 13. 


The software first outputs a start bit to the MM5450. Next, 
the first 
digit's 
segment 
information 
is clocked 
into 
MM5450. The segment information 
is then rotated left 
eight times with this data being clocked into the display 
after each shift. This procedure is repeated for each digit, 
thus prOViding 33 clock pulses (the start bit plus (4x8) 
segment bits). In order for the segment data to be latched 
to the display, a complete set of 36 clocks must occur. For 
this reason, there are three dummy clocks atthe end of the 
program. The term "dummy" is used because the data that 
is being clocked into MM5450 never appears on the seven 
segment display. 
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Figure 12b. 8080A Interface to DC Driven Controller 
Shown In Figure 11 


The 5082-7610 7.6mm (0.3 inch) high efficiency red dis- 
plays driven at 15 mA/segment dc provide a large. easy to 
read. four digit display. The 100 KO potentiometer sets a 
reference current for the LEOs and provides brightness 
control for applications in varying ambients. 


REFRESH CONTROLLER 
The Refresh Controller 
uses the microprocessor 
to 
actively strobe the display. This strobing is accomplished 
via an interrupt that causes the microprocessor to service 
the refresh subroutine. The refresh program provides new 
segment and digit information for the display. This appli- 
cation note shows two types of Refresh Controllers. The 
basic difference between the controllers is the nature of 
data that is transferred from the microprocessor to the 
controller. The first type (Figure 141requires eight data 
lines to transfer the decoded segment and decimal point 
information. The second type of Refresh Controller (Fig- 
ure 15) requires only five data lines to interface to the 
microprocessor. The data is transferred using BCD data 
and a decimal point bit. The technique for digit strobing 
also is slightly different due to the difference in dispray 
length. 
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ADDRESS 
[ 
A, 
BUS 
A, 


['.W"" 
S080A 
AJ 


A. 


VMA 


A" 
AlJ 


A,S 


A,. 


6800 
., 


vee 
058858 
13 
lon 
TYP 


10 2 
7 
A 
12 


3 '0 
20 
5 
, 
B 
11 


4 
20 
30 ~o 
2 C 
10 


6 
3D 
40 
6 0 
9 


" 
40 
50 
12 
15 


13 50 
14 


9 
CK 


2N3906 


33f> 


1K 
BBBE1E1BB.B 
, 
A 
2 
B 
3 
C 
4 
G, 
11 
5 
G, 
10 
6 
G, 


14LS'38 


4 '0 
5 20 
12 
3D 
13 40 


9 
CK 


'0 
2 
20 7 
3Q 
10 


4Q 
15 


The 
circuit 
in Figure 
14 utilizes 
the 10.9mm (0.43 inch) 


yellow 
HDSP-4133 
seven 
segment 
displays. 
These 
dis- 
plays are readable 
in direct 
sunlight 
when driven 
near the 
data 
sheet 
maximums 
as they 
are 
in 
Figure 
14. The 
Sprague 
segment 
drivers 
are sourcing 
120 mA peak on a 
1/4 duty 
factor. 
The ULN-2068B 
can sink a maximum 
of 
1.75A 
and 
therefore 
is an excellent 
digit 
driver 
as the 
maximum 
aigit current 
is (120 mAl (8 segments) 
'" 1 Amp. 
The 
retriggerable 
monostable 
multivibrator 
(74LS122) 


senses strobing 
activity 
on the segment 
lines. If the strob- 
ing stops for any reason 
(microprocessor 
crash, etc.). the 
digit 
drivers 
are turned 
off immediately. 
This protects 
the 
displays 
from the 120 mA de they would 
pass if the strob- 
ing ceased. 


Figure 
16a and 
16b contain 
the 
software 
necessary 
to 
interface 
the Refresh 
Controller 
in Figure 
14 to the 6800 
and 
the 
8080A 
microprocessors 
respectively. 
The 
pro- 
grams 
consist 
of two 
subroutines. 
The 
first 
subroutine 
LOAD 
is called 
by the user's main program. 
LOAD should 


be called the first time data is to be displayed 
and any time 
when 
new 
display 
data 
is desired. 
This 
subroutine 
as- 
sumes the user has stored three consecutive 
bytes of BCD 
data and decimal 
point 
information 
in locations 
WORD1, 


WORD2, 
and DP. The subroutine 
unpacks 
the coded 
data 
stored 
in these 
locations, 
decodes 
it into 
segment 
data, 


and stores 
it in locations 
001, 
002, 
003, 
and 004. 
Figure 
16c graphically 
shows 
the effect of the subroutine 
LOAD. 


LOAD 
uses a segment 
data lookup 
table 
located 
in ROM.I 
The lookup 
tablE' consists 
of sixteen 
successive 
locations 


that contain 
the segment 
information 
for displaying 
num- 
-:._ 
bers 0-9 and 
letters 
A-F. 
A 1 bit corresponds 
to an ON 
segment 
and a 0 bit to an OFF segment. 
All dp bits have 
been programmed 
to a logical 
0 in the lookup 
table. Sub- 
routine 
LOAD assumes that only one decimal 
point will be 
ON in the four digit 
string. 
The code beginning 
with label 
DCPT 
determines 
which 
digit 
should 
display 
a decimal 
point and changes 
the dp bit to a logical 
1. Thesubroutine 
is now complete 
and control 
returns 
to the main program. 


81- 0-1 
SE(i 
EQLT 
SBF04 
BI- O~ 
DIG 
EQl' 
SBFO~ 
סס oo 
POI'\T 
RMB 
2 
000' 
DIGIT 
RMB 
I 


000' 
WORDI 
RMB 
I 


0004 
WORD2 
R\iB 
I 
000' 
DP 
RM8 
I 
0006 
001 
R\1B 
I 


0007 
OD2 
RMB 
I 


000' 
DO] 
RMB 
I 


0009 
004 
RMB 
I 


0400 
DRG 
S0400 
0400 
CE 
06 
00 
LOAO 
LOX 
IS0600 
U40.1 
DI- 00 
STX 
D.POI"T 
l"ITIAUZE 
POlt"TER 


040~ " 
01 
1.0" 
A I.SOI 


0-107 
97 
01 
ST" 
A D.DIGIT 
l"ITlALlZE 
DIGIT 


0409 " 
OJ 
1 DA 
A D.WOR!)I 
LOAf) 2 I'!CO WORDS 
0408 
" 


TAB 
MAKE A COPY 
O-iOC " 
LSR 
B 
RIGHT JllSTlFY 
IKDI 
04017 " 


LSR 
B 


040E " 
LSR 
B 


O4OF " 
LSR 
B 


0410 
D7 01 
STA 
B D.POI''H 
·1 


0412 
DE 00 
I.OX 
D.POI\T 
POI'T 
TO DIGIT 
I SEG 
DATA 
0414 " 
00 
L17A 
8 
X.O 
lOAD 
DIGIT 
I SEG 
OAl A 
0416 
177 "" 
STA 
B 0.001 
STORE 
DIGIT 
I SEG 
DATA 
04111 " 
OF 
A •..•O 
A I.S0F 
MASK 
LEAVING 
BCD2 
04IA 
97 
01 
STA 
A D.POI'\T·I 
041C 
DE 00 
LDX 
D.POINT 
POI~TTO 
DIGIT 2 SEG, DATA 


041E 
A6 
00 
LOA 
A X.O 
LOAD DIGIT 2 SEG 
DATA 


0420 
97 
07 
ST" 
A D.DD2 
STORE 
DIGIT 2 SEG 
DATA 
0422 .. 04 
LOA 
A D.WORD2 
LOAD "EXT 
2 BCD WORDS 
0424 
" 


TAB 
MAKE A COpy 


042~ 
'4 
l.SR 
8 
RIGHT JUSTIFY 
8Cm 
0426 " 
LSR 
B 


0427 " 


I.SR 
B 
04211 " 


I.SR 
B 


()4:?9 
lJ701 
STA 
B D.POI\T 
.j 
0·128 
DE 00 
!lJ:'( 
D.POI\ 
T 
POI'TTODIGIT 
JSEG 
DATA 
0420 
E6 
00 
IDA 
B 
>',0 
lOAD 
DIGIT 
J SEG 
DATA 
042F 
D7 
011 
SIA 
8 
D.DIB 
STORE 
DIGIT 3 SEG 
DATA 
0-1.11 " 
OF 
A'D 
A I.SOf 
MASK I.EAVI"G 
BCD4 


041.' 
97 
01 
SIA 
A D,POI,\,r·1 
041~ 
DE 00 
IDX 
0.1'01'1" 
POl'T 
TO DIGIT 4 SEG 
DATA 
04.17 
At> 00 
l.OA 
A X.O 
LOAD DIGIT 4 SEG 
DATA 


04.19 
97 
09 
S1A 
A D.DD4 
STORE 
DIGIT 4 SEG 
DATA 
04.'8 " " 
DCI'I 
LOA 
A D.Dp 
LOAD DIGIT THAT 
"EEO\ 
DI' II. 2, .1.4) 
04'D 
CE 
00 
00 
lOX 
IS0000 
CLEAR 
I'\'DEX 
REG 
0440 " 
I'"CR 
I'X 
0441 
4A 
I7EC 
A 
0.\42 " 


FC 
B" 
I'\CR 
100pTRA'SFERS 
DP DATA TO I'DEX 
REG 
0.\.\4 
At> U~ 
LDA 
A X.DP 
10ADTHESEG 
DATA 
'EEDI'G 
01' 
044t> 
'8 
01 
ADD 
A I.S01 
GIVE IT A Dr 


04" 
A7 
O~ 
STA 
A X.D/' 
STORE 
IT BACK 


044A 
-" 
RT\ 


0448 
0> 
RFRSH 
SEI 
DISABLE 
L'HERRUPTS 
DURI'G 
REFRESH 


044C 
06 
02 
LOA 
8 
D,OIGI! 
1-1'\0 OUT WHICH 
DIGIl 


044< 
CI 
01 
CM/, 
B 1.501 
IS I r DIGIT 
1" 
0460 
" 
0> 
B" 
'FST 
BRA'CH 
IF '\'OT !-IRST. 
ElSE 
CO'\TI"UE 


0452 
CE 
00 
06 
LOX 
I.S0006 
04" 
DJ- 00 
STX 
D,POI:-lT 
I•..•ITIAllZE 
/,O[:"'TER 
TO DOl 
0417 " 
00 
'I-"sr 
LOA 
A I,Soo 
Cl.EAR 
A 
04" 
B7 
BI-" O~ 
STA 
A E.DlG 
BLA;"K DISPLAY 
04SC 
DE 00 
l.DX 
D.POI~T 
pOI:-;T TO SEG. DATA 
04~E 
A600 
LOA 
A X,O 
." 


LOAD SEG 
DATA 
0460 
B7 
BF 
04 
STA 
A E.SEG 
OllTPUT 
SEG 
DATA TO DISPLAY 
04t>.1 
F7 
8F 
O~ 
STA 
8 
E.DIG 
OUTPUT 
DIGIT 
OAT A TO DISPLA Y 
041>6 
CI 
OM 
CMP 
B !.:SOil 
[S IT TH E LAST DIGIT' 
0461l 
17 " 


BEQ 
1.001'1 
BRA:"'CH IF I AST, ELSE CO'\T1"UE 
04t>A " 
00 
Ol 
ASL 
E.D[GIT 
SHIH 
TO "EXT 
DIGIT 
0460 
7C 
00 
01 
I">C 
E.POl •..•T·1 
POI">T TO ">EXT SEG. DATA 
0470 
OE 
CLI 
RE-E:"'ABI.E 
I~TERRUpTS 
0471 
.'B 
RTI 
RETUR "> 


0.\72 " 
01 
1001'1 
1 DA 
A I.S01 
RE-I •..•ITlAUZE 
TO DIGIT 
I 
0474 
97 
Ol 
STA 
A D.DIGIT 
0476 
OE 
C1.[ 
RF-E'ABl.E 
I:"'TERRUPTS 
0477 
JB 
RTI 
RETUR'Ii 


0600 
DRG 
50600 
0600 
FC 
FCB 
>FC 
0 
0601 
60 
FC8 
'60 
I 


0601 
DA 
FCB 
SOA 
1 
06CH 
F1 
FCB 
m 
, 


0604 
1>6 
FCB 
'1>6 
4 


060' 
86 
rCA 
'86 
, 
- 


.'E 
FCB 
SJE 
6 
0607 
EO 
FCB 
'EO 
7 
060' 
FE 
FCB 
'FE 
, 


0600 
E6 
I-CB 
'E6 
9 


060A 
EE 
FC8 
'EE 
A 
0608 
JE 
FCB 
SJE 
B 


060C 
9C 
FCB 
S9C 
C 
OMD 
7A 
I-CB 
S7A 
0 


060[ 
9E 
l-CS 
S9E 
E 
""" 


BF 
FCB 
'BE 
, 


>000 
~E(; 
'Ql 
()()ICH 


'000 
DIG 
EQL' 
OOIDH 


'000 
ORG 
O[OOOH 


'000 
POI"T 
OS 
'002 
DIGIT 
DS 
'OOJ 
"'OROI 
()S 
'004 
"'ORD2 
DS 


'00' 
DP 
OS 


,00<> 
DOL 
DS 


'007 
D02 
DS 


ElX" 
DO.' 
OS 
'1109 
DD< 
OS 


,OOA 
ORG 
OE400H 


'<OIl 
11 
00 " 


LOAD 
IXI 
H.OE600H 


'40J 
22 
00 
EO 
SHI[) 
POl'T 
['I r1ALllE 
POI'TER 


'406 
JE 
01 
M\I 
"",OtH 


'40' 
n 
02 '0 
STA 
DIGIT 
l'ITlAUZE 
DIGIT 


'40' 
JA 
OJ '0 
l.OA 
WORDI 
lOAD 
2 BCD 
WORDS 
IBCDI. 
ReD2I 


E40E " 
FO 
A\;I 
OFOH 
MASK 
OUT 
l.OWER 
•••.tBBlE 


[410 
OF 
RRC 
RIGHT 
Jl'STlFY 
BCDI 


E411 
OF 
RRC 


E412 
OF 
RRC 


E41J 
OF 
RRC 


E414 
'F 
MO\' 
L.A 
POI"T 
TO 
DIGIT 
1 
SEe 
DATA 


E41S 
7E 
MOV 
A.M 
LOAD 
DIGIT I SEG 
DATA 


E416 
)2 
06 
EO 
Sf A 
DOL 
SroRE 
DIGIT 
I SEe 
DATA 


E419 
JA 
OJ 
EO 
LOA 
WaRDr 
LOAD 
SAME 
2 BCD 
WORDS 
(BCDl. 
8(02) 


[41C " 


OF 
A~r 
OFH 
MASK 
OUT 
UPPER 
:'\IBRl.E 


E41E 
'F 
MOV 
L.A 
POI:'\T 
TO 
OIG[T 
2 SEe 
DATA 


E41F 
7' 
MOV 
A.M 
LOAD 
DIGIT 
2 SEG 
DATA 
"'0 
n 
07 
EO 
Sf ..•. 
DD2 
STORE 
DIGIT 
2 SEa 
DA1A 


E423 
JAO< 
EO 
LOA 
YoORD2 
LOAD 
'EXT 
2 BCD 
WORDS 
(BCDJ. 
!K'[).II 
E426 " 


FO 
A"l 
OFOH 
MASK 
0L'1 
LOWER 
'IBBLE 


"'8 
OF 
RRC 
RIGHT JLSTIFY BCD) 
,,,. 
OF 
RRC 


E421\ 
OF 
RRC 


E428 
OF 
RRC 
E42C 
OF 
MOV 
L.A 
POI\'TTO 
DIGIT 
JSEG, 
DATA 


E42D 
7E 
MOV 
A. 
M 
LOAD 
DIGIT 
-' SEG 
DATA 


E42E 
J1 
08 
EO 
STA 
OOJ 
STORE 
DIGIT.' 
SEG 
DATA 


E431 
JA 
0< 
EO 
LOA 
WORD2 
LOAD 
SAME 
2 BCD 
WORDS(BCD.l. 
BCD4, 
"" 
" 
OF 
A •••.I 
OFH 
'I.1ASK 
OLT 
UPPER 
"BBLE 
"', 
.F 
MOV 
L.A 
PO/ •••.TTODIGIT4SEG 
DATA 


E4J7 
7E 
MOV 
A.M 
LOAD 
DIGIT 
4 SEG 
DATA 


E08 
J1 .. 
EO 
STA 
OD< 
srOREDIG/T4SEG 
DATA 


EoB 
JA 
05 
EO 
DCPT 
LOA 
DP 
LOAD 
DIGIT 
SEEDI 
•••.G 
DP 


E43E 
01 
05 
EO 
LXI 
B.OEOOSH 
SEr 
BC 
REG 
PAIR 
AS 
A 1'01"1'1 ER 


'''I 
0) 
ISCR 
I •••.X 
, 
1001' 
TRA 
•••.SFERS 
01' 
DATA 
TO 
BC 


'''2 
)0 
OCR 
A 


'''J 
C2 
41 " 


J'Z 
I •••.CR 
,...•• 
OA 
LOAX 
, 
LOAD 
SEG 
DATA 
'EEI>I'0 
DP 


'''7 
C' 
01 
AOI 
OIH 
GIVE 
IT 
A DP 


'''9 
02 
STAX 
, 
STORE 
IT 
BACK 


'''A 
C'I 
R'T 
,.., 
F.J 
RFRSH 
01 
DISABl.E 
I •••.TERRurTS 


'''C 
Fl 
PUSH 
PSW 
SAVE 
0 •••.STACK 


'''0 
" 


PUSH 
H 
,.., 
0' 
PUSH 
0 
, •• F 
JA 
02 
EO 
IDA 
DIGlr 
FI •••.D Ol 
T WHICH 
DIGIT 


E452 
FE 
01 
CPI 
OIH 
LAST 
DIGIT' 
W, 
C2 
50 " 


J'Z 
'FST 
JUMP 
IF 
'aT 
FIRST. 
ELSE 
COVfI'\'l'E 


E457 
21 
06 
EO 
I.X/ 
H.OEOO6H 
HL 
REG 
RE-I 
.••.ITIALlZED 


E45A 
22 
00 
EO 
SHLD 
pOI 
.••.T 
POIST 
POI •••.TS 
TO 
DOl 


E4SO 
JE 
00 
"I'FST 
MVI 
A.OOH 


E45F 
D.J 10 
OUT 
DIG 
BLASK 
DISplA 
Y 


''''I 
2A 
00 
EO 
I.HLD 
POI"l'T 
rOI:--;T 
POI"l'TS 
TO 
SEG 
DATA 


''''' " 


XCHG 
SWAP 
,"', 
LA 
LDAX 
0 
LOAD 
SEG 
DATA 
VIA 
DE 
PAIR 
,..•. " 


'(CHG 
SWAP 
BACK 


''''7 
OJ 
IC 
OUT 
SEe 
OUTPUT 
SEG 
DATA 
TO 
DISPLAY 
'''''' 


)A 
02 
EO 
LOA 
DIGIT 
LOAD 
DIGIT 
DATA 
'<16C 
OJ 
10 
OUT 
DIG 
OUTPUT 
DIGIT 
DATA 
TO 
DISPI.AY 


''''' 
F' 
08 
CPI 
OBH 
LAST 
DIGIT' 


E470 
CA 
E4 '" 


JZ 
LOOP 
I 
JUMP 
IF 
LAST. 
ELSE 
CO"TISUE 


E47J 
07 
RLC 
ROTATE 
'10 
"EX 
r DIGIT 


E474 
.J2 
02 
EO 
STA 
DIGIT 
STORE 
FOR 
•••.EXT 
DIGI 
r 


E477 
2J 
I .••.X 
H 
I •••.CREME"T 


E4711 
22 
00 
EO 
lOOp2 
SHLD 
POI'T 
POI .••.T 1'01"TS 
TO 
"EXT 
SEe 
DATA 


E478 
01 
POP 
0 
SAVE 
IT 


E47C 
E1 
POP 
H 


E470 
FI 
POP 
PS~ 


E47E 
FB 
EI 
E"ABIE 
I"TERRllPrs 


E47F 
C'I 
RET 
RETUR" 


E4110 
.JF 
01 
LOOPI 
MVI 
A.OIH 


E4f!2 
n 
01 
EO 
STA 
DIGIT 
DIGIT 
POISTS 
TO 
DlCiI1 
I 


E485 
CJ " " 


JMP 
1.001'2 


ORG 
0E600 
'600 
FC 
DB 
OFCH 
0 


'601 
60 
0' 
O6OH 
I 
I 


'602 
DA 
0' 
ODAH 
2 
'60J 
F2 
0' 
OF2H 
) 


,60< 
66 
DB 
O68H 
, 


"05 
86 
I" 
086H 
, 


'606 
.J< 
DB 
O.lEH 
. 


'607 
EO 
0' 
OEOH 
7 
'60' 
FE 
0' 
OFEH 
, 


'60'1 " 
0' 
OE6H 
9 
'60A 
EE 
0' 
OEEH 
A 
'60' 
JE 
DB 
OJEH 
, 


E60C 
9C 
08 
"CH 
C 


"00 
7A 
0' 
07AH 
° 
'60' 
OE 
I" 
"'H 
, 


E60F " 
D' 
OIlEH 
F 


Figure 16b. 8080A Interface to Refresh Controller In Figure 14 
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Upon interruption by the 555timer, the microprocessor is 
vectored to service the routine RFRSH.This routine uses 
the register POINT to locate segment information (DD1, 
DD2, DD3 and DD4) to be output to the display. Label 
SEG is the address to which segment data is to be written. 
The label DIG is used in a similar manner to identify the 
address where digit data is to be written. RFRSHupdates 
the display by first blanking all segments. This interdigit 
blanking eliminates the phenomenon of partially illumi- 
nated segments known as ghosting. Next, segment infor- 
mation is written to the octal latch (74LS273). Finally, the 
digit information is written to the quad latch (74LS175). 
Control is then returned to the main program. This pro- 
cess is repeated with the correct segment information for 
each of the four digits. 


With proper display filtering, the circuit in Figure 12 con- 
trolled by either the 6800 or 8080A programs provides an 
excellent four digit, sunlight viewable display. 


The RefreShController shown in Figure 15 is quite similar 
to the circuit in Figure 14. However, there are a few minor 
differences that should be pointed out. The Refresh Con- 
troller in Figure 15 utilizes the National DS8858 BCD-to- 
seven segment decoder driver. This enables the user to 
write BCD data to the Refresh Controller without utilizing 
the LOAD subroutine. This saves both RAM space and 
microprocessor time. The software to interface this Re- 
fresh Controller to the 6800 and the 8080A microproces- 
sors is shown in Figures 17a and 17b respectively. The 
circuit uses the green 5082-7673 large seven segment 
common cathode displays. 


WORD 1 
WORD2 
dp 


D7 
D6 
Ds 
D4 


BCD1 (MSD) 
BCD3 
o 


D3 
D2 
D, 
Do 


BCD2 
BCD4 (LSD) 
dp 


DD1 (MSD) 
DD2 
a 
I 
DD3 
a 
DD4 (LSD) 


BF 
04 
SEG 
EQU 
SBF04 


BF 
05 
DIG 
EQU 
SBF04 


סס oo 
POINT 
RMB 
2 


0002 
DIGIT 
RMB 
I 


OOOJ 
DATA 
RMB 
8 


0400 
ORG 
S0400 


0400 
CE 
00 
OJ 
INIT 
LDX 
i.SOOOJ 


O4OJ 
DF 
00 
STX 
D,POINT 
INITIALIZE 
POINT 


0405 
7F 
00 
02 
CLR 
E,DlGIT 
INITIALIZE 
DIGIT 


0408 
OF 
RFRSH 
SEI 
DISABLE 
INTERRUPTS 


0409 
DE 
00 
LDX 
D,POINT 
GET 
POINT 


O4OB 
E6 
00 
LDA 
B 
X,O 


O4OD 
86 
08 
LDA 
A 
i.S08 


O4OF 
B7 
BF 
05 
STA 
A 
E,DlG 
BLANK 
DISPLAY 


0412 
FJ 
BF 
04 
STA 
B 
E,SEG 
OUTPUT 
SEG. 
DATA 
TO 
DISPLAY 


0415 
96 
02 
LDA 
A 
D,DIGIT 
GET 
DIGIT 


0417 
81 
07 
CMP 
A 
I,S07 


0419 
27 
OB 
BEQ 
LooPI 
BRANCH 
IF 
LAST 
DIGIT, 
ELSE 
CONTINUE 


O4IB 
7C 
00 
02 
INC 
E,DlGIT 
INCREMENT 
TO NEXT 
DIGIT 


O4IE 
B7 
BF 
05 
STA 
A 
E,DlG 
OUTPUT 
DIGIT 
DATA 
TO 
DISPLAY 


0421 
7C 
00 
01 
INC 
E,POINT+I 
POINT 
POINTS 
TO NEXT 
BCD 
WORD 


0424 
OE 
CLI 
0425 
JB 
RTI 


0426 
B7 
BF 
05 
LooPI 
STA 
A 
E,DIG 
OUTPUT 
DIGIT 
DATA 
TO 
DISPLAY 


0429 
CE 
00 
OJ 
LDX 
I,SOOOJ 


042C 
DF 
00 
STX 
D,POINT 
RE-INITIALlZE 
POINT 


042E 
7F 
00 
02 
CLR 
E,DIGIT 
RE-INITIALlZE 
DIGIT 


O4JI 
OE 
CLI 
O4J2 
JB 
RTI 


EOOO 
SEG 
EQU 
OOICH 


EOOO 
DIG 
EQU 
OOIDH 


EOOO 
ORG 
OEOOOH 
EOOO 
OJ 
EO 
POINT 
DW 
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Figure 17b, 8080A Interface to Refresh Controller 
Shown In Figure 15 
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CODED 
DATA CONTROLLER 
Figure 18 shows a Coded Data Controller designed for an 
eight character monolithic sevensegment display. The cir- 
cuit uses the IntersillCM7218D to provide BCD data stor- 
ageand display mUltiplexing. The ICM7218Disdesigned to 
drive common cathode LED displays at 10 mA IpEAK/seg- 
ment (minimum) on a 12%duty cycle. 


The circuit illustrated in Figure 18 uses the ICM7218D to 
drive an eight digit 5082-7240 monolithic 
LED display. 


The common anode version (ICM7218C) is rated at 20 mA 
IpEAK/segment (minimum). 
If higher drive currents are 
needed and a four digit display is acceptable. the eight 


digit lines on the ICM7218D can be paralleled to drive four 
digits at twice the minimum current. The microprocessor 
interfaces to the ICM7218D through 
five Data Inputs 


'BCD and dpl, three digit address lines (DAO, DA1, and 
DA2), a MODE input, and a WRITE input. Data can be 
written in to the eight memory locations in the static 
memory of the ICM7218D via a three bit binary code on 
the digit address inputs. When the digit address lines are 
valid, a negative going WRITE pulse clocks the BCD and 
dp data into the RAM. This method of memory addressing 
allows the user to update the display information 
only 


where it is necessary. 
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DECODED DATA CONTROLLER 
Figure 19 shows a Decoded Data Controller designed for 
use with 20.3mm (0.8 inch) seven segment displays. The 
circuit 
utilizes the National MM74C911 to directly drive 
four of the large seven segment displays. The MM74C911 
is used to provide segment data storage and display mul- 
tiplexing. The MM74C911 is designed to drive common 
cathode displays at 100 mA IpEAK/segment on a 25%duty 
cycle. 
The circuit 
illustrated 
in Figure 
17 uses the 
MM74C911 to drive four HDSP-3403 20.3 mm (0.8 inch) 
standard red common cathode displays. 


The microprocessor interfaces to the MM74C911 through 
eight data lines (a, b, c, d, e, f, g, dp), two address inputs K, 
and K2, CHIP ENABLE, and WRITE ENABLE. The desired 
segment data is written into the register selected by the 
address information when CE and WEare low. This data is 
latched when either CE orWE return high. Data hold time 
is not required. 


An internal oscillator 
sequentially 
presents the stored 
data to the output drivers which directly drive the LED 
display. 
The drivers are active when, the control 
pin 
labelled SEGMENT OUTPUT ENABLE (SOE) is low, and 
are tri-stated when SOE is high. This feature allows duty 
cycle brightness control for varying ambient light condi- 
tions. Also, SOE can be used to disable the output drivers 
for power conservation. The digit outputs directly drive 
the base of the digit 
transistor 
when the control 
pin 


labelled DIGIT INPUT OUTPUT (010) is low. 


INTENSITY MATCHING 
All Hewlett-Packard 
seven segment displays are tested 
for luminous intensity to ensure that data sheet values are 


met. All displays which can be end stacked are catego- 
rized according 
to their 
intensity 
levels. The eye can 
detect roughly a 2:1 change in luminous intensity and, 
therefore, this is the criterion for intensity categories. This 
categorization allows end stacking of the displays, there- 
by providing a panel with a pleasing, uniform appearance. 


The large seven segment displays are individually tested 
and categorized 
for luminous 
intensity. 
The intensity 
category is designated by a single or double letter located 
on the right hand side of the package. When end stacking, 
it is preferable that the user choose devices from a single 
category to provide uniform intensity across the display 
panel. 


The monolithic seven segment display clusters are inher- 
ently intensity matched digit to digit in one display pack- 
age. The immersion type monolithic 
displays which are 
designed for end stacking are categorized for intensity. 
The category is designated by a letter on the back side of 
the package. The user should choose devices from a sin- 
gle category when end stacking the displays. 


COLOR MATCHING 
Color uniformity of the large seven segment displays is an 
important consideration. The standard red and high effi- 
ciency red displays have inherent color uniformity 
and 
need not be categorized. However, the eye is more sensi- 
tive to color differences in the yellow and green regions. 
Therefore, displays of these color types are categorized 
by dominant wavelength. This category is denoted by a 
number on the right hand side of the package. The user 
should choose units from a single category to achieve a 
display panel with optimal color uniformity. 
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SUNLIGHT 
VIEWABILITY 
The rapid growth of sophisticated electronic systems for 
use in avionic, automotive, machine, and military equip- 
ment has created the need for an electronic information 
display that is viewable in bright sunlight. By combining 
the newest LED product design technology and the most 
recent techniques for contrast enhancement, Hewlett- 
Packard can now provide the display system designer 
with devices that are useable in direct 107,000lumens per 
square meter (10,000 foot candle) sunlight. 


The HDSP-3530/-3730/-4030/-4130 series of large seven 
segment displays optimize the following parameters that 
contribute to the readability of the LED display in bright 
sunlight: 


a. LED Color 
b. Luminance Contrast 
c. Chrominance Contrast (color difference) 
d. Front Surface Reflections 


These sunlight viewable display devices are assembled 
with Gallium Arsenide Phosphide (GaAsP) LED chips on 
a Gallium Phosphide (GaP) substrate. These materials 
produce the needed light output when driven with peak 
currents up to 120mA. High current LED chips are used to 
allow high peak and average current in the display. The 
high efficiency red and yellow displays provide the most 
light output for a given input current and can easily be 
made visible in bright sunlight. The package configura- 
tion uses a neutral gray body and untinted segments to 
allow the display system designer to achieve readability 
by obtaining an optimum combination of both luminous 
and chrominance contrast. When placed behind a 20%to 
25% neutral density gray filter, the illuminated segments 
provide a distinctly 
visible chrominance 
contrast with 
respect to the gray package. 


MOUNTING 
CONSIDERATIONS 
The large segment display devicesareconstructed utilizing 
a lead frame in a standard DIP package. All 7.6mm (0.3 
inch) and 10.9mm (0.43 inch) displays are manufactured 
with leads on 2.54mm (0.10inch) centers with a row-to-row 
spacing of 7.6mm (0.3 inch). The 20.3mm (0.8 inch) dis- 
plays arealso on 2.54mm(0.10inch) centers but the row-to- 
row spacing is 15.2mm (0.6 inch). The 14.1mm (0.56 inch) 
displays areon 2.54mm(0.10inch) centers with row-to-row 
spacing of 15.2mm (0.6 inch). However, the leads are 
aligned along the top and bottom of the package rather 
than down the sides. Both the 14.1mm (0.56 inch) and 
20.3mm (0.8 inch) displays can be socketed using a stand- 
ard 24 pin IC socket or strip sockets. All large seven seg- 
ment devices are end stackable and are designed for PC 
board mounting and wave soldering. 


If the large segment devices are to be wavesoldered, Sn60 
or Sn63 solder is recommended. The solder wave is 


recommended to be at 245° C with a dwell time of 1-1/2 to 
2 seconds. The 20.3mm (0.8 inch) displays have a small 
tab at each corner to establish a 1mm (0.040 inch) seating 
plane above the printed circuit 
board. The other large 


seven segment displays havea shoulder on the lead frame 
to achieve asimilar seating plane above the printed circuit 
board. 


The non-immersion 
type monolithic 
displays 
may be 


mounted either by use of pins which may be soldered into 
the plated holes at the connector edge of the PC board or 
by insertion into a standard PC board connector (Table 
IV). The devices may be soldered for up to three seconds 
per tab at a maximum soldering temperature of 230°C. 
Heat should be applied only to the edge connector tab 
areas of the PC board. Heating other areas of the board to 
temperatures in excess of 85°C can result in permanent 
damage to the lens. It is recommended that a rosin core 
wire solder or a low temperature deactivating flux and 
solid wire be used in soldering operations. 


The immersion type monolithic displays are designed for 
insertion into 12or 14pin DIPsockets or soldering into PC 
boards. All of these type of displays are manufactured on 
2.54mm (0.100 inch) centers with a row-to-row spacing of 
7.6mm (0.300 inch). If the displays are to be soldered into 
a PC board, the solder temperature must be kept at or 
below 245° C, 1/16 inch below the seating plane, for a 
maximum of five seconds. The shoulders of the lead frame 
pins are intentionally 
raised above the bottom of the 


pack~ge so that the display can be mounted at an angleto 
the PC board. Mounting angles up to 20° are often neces- 
sary in hand held or desk top applications and are easily 
attainable with immersion type monolithic displays. Refer 
to Application Note 937 for further instructions concern- 
ing installation of these devices. 


LED displays, as well as all electronic components, oper- 
ate more reliably at lower temperatures. Thermal consid- 
erations are important, and any method of cooling or heat 
sinking the displays will result in more reliable operation. 
Under no conditions should the absolute maximum tem- 
perature ratings be exceeded. 


To optimize device optical performance, specially deve- 
loped plastics are used in all display products. These 
plastics restrict the solvents that may be used for clean- 
ing. Tests have demonstrated that the only fluorocarbon 
cleaner that is compatible 
with plastic LED devices is 


trichloro-f1uoroethane 
(F1131.This cleaner is sold com- 


mercially under the trade names Freon, Genesolv 0, and 
Arkalone. Water can be used to clean both large seven 
segment displays and the immersion lens type monolithic 
displays. Water can also be used for hand cleaning the 
non-immersion type monolithic sevensegment displays if 
care is taken to prevent water from collecting 
under the 


lens. 


Output 
Part 
Vendor· 
Output 
Output 
Active 
Features 
Numb,r 
Structure 
Current 
State 


74LS47 
TI. Fairchild. 
Open 
Collector 
24 mA 
Low 
Auto 
Zero-Blanking. 
Lamp 
Test. 
0-9 
National 


74LS48 
TI. Fairchild. 
2K Pull-Up 
6mA 
High 
Auto 
Zero-Blanking. 
Lamp 
Test. 
0-9 
National 


74LS49 
TI. National 
Open 
Collector 
8 mA 
High 
Auto 
Zero-Blanking. 
Lamp 
Test. 
0-9 


8T04 
Signetics 
Open 
Collector 
40 mA 
Low 
Auto 
Zero-Blanking. 
Lamp 
Test. 
0-9 


8T06 
Signetics 
Open 
Collector 
40 mA 
High 
Auto 
Zero-Blanking. 
Lamp 
Test. 0-9 


9368 
Fairchild 
Open 
Emitter 
-19 mA 
High 
Constant 
Current. 
Latch. 
Auto 
Zero-Blanking. 


0-9. A-F 


9370 
Fairchild 
Open 
Collector 
40mA 
Low 
Latch. 
Auto 
Zero-Blanking. 
0-9. A-F 


9384 
Fairchild 
Current 
Mirror 
15 mA 
Low 
Constant 
Current. 
Latch. 
Auto 
Zero-Blanking. 


0-9. E.H.C.O 


OS8669 
National 
Open 
Collector 
25 mA 
Low 
2 Digit 
(14 Outputs), 
0-9. C.A.P.E.H.J.L.F.- 


MC14511 
Motorola 
NPN Bipolar 
-25 mA 
High 
Latch. 
Lamp 
Test. 
Blanking 
Input:'0-9 
Emitter 


MC14547 
Motorola 
NPN Bipolar 
-65 mA 
High 
Latch. 
Blanking 
Input. 
0-9 
Emitter 


Number 
Output 
Part 
Vendor· 
01 
Input 
Current 
Features 
Number 
Drlvera 
Compatibility 
(mAl 


OS8859 
National 
6 
TTL 
0-40 (MaxI 
Programmable 
Constant 
Current 


OS8867 
National 
8 
7V MOS 
-14 (Typl 
Constant 
Current 


OS8877 
National 
6 
MOS. 
TTL 
50 (Typl 
Low Current 
Version 
of 75492 


OS8874/76/79 
National 
9 
9V MOS 
50 (Mini 
Serial 
Input. 
Low Battery 
Indicator 


ULN-2031/33 
Sprague 
7 
TTL. 
5V-15V 
CMOS 
±80 (MaxI 
NPN or PNP Darlington 
Pair 
75497/498 
TI 
7 
MOS. TTL 
125 (Max) 


75492 
TI. Fairchild. 
6 
9MOS 
250 (Max) 
Darlington 
Pair 
Motorola. 
National 


OS8870 
National 
6 
9V MOS 
350 (Max) 


OS8863/8963 
National 
8 
9V MOS 
500 (Maxi 


ULN-2003A 
Sprague. 
TI 
7 
TTL. 
5V CMOS 
500 (Maxi 
2.7 kO Series 
Resistance 
to 


(MC14131 
Motorola 
Darlington 
Pair 


ULN-2981A 
Sprague 
8 
TTL. 
5V CMOS 
-500 (Maxi 


ULN-2068B 
Sprague 
4 
TTL. 
5V CMOS 
1500 (MaxI 
Predriver 
Stage 
to Darlington 
Pair 


Number 
Output 
Part 
Vendor· 
01 
Input 
Current 
Features 
Number 
Drivers 
Compatibility 
(mAl 


74LS259 
TI. Signetics 
8 
TTL 
8 (MaxI 
Active 
High. 
Four 
Mode 
Operation 


OS8665 
National 
14 
9V MOS 
-20 (Maxi 
Active 
Low. 
Oscillator 
Output 


NE590 
Signetics 
8 
TTL 
250lMaxi 
Active 
Low. 
Four 
Mode 
Operation • 


Pert 
Number 
Vendor 
Function 
Drive 
Conditions 


MM74C925/6/7/8 
National 
CMOS 
counter 
with 
internal 
output 
4 Digit 
Common 
Cathode 
latch 
and self-contained 
internal 
40 mA pk (typl 
1 of 4 D.F. 


oscillator 
and scanning 
circuitry 


MK50395-9 
MOSTEK 
Six decade 
counter/display 
decoder; 
6 Digit 
Common 
Anode 
look 
ahead 
carry 
or borrow. 
loadable 
segment 
and digit 
drivers 
required 


counter 


MK5002/517 
MOSTEK 
Four 
decade 
counter. 
latch. 
decoder 
4 Digit 
Common 
Anode 
or Common 
with 
leading 
zero 
blanking 
Cathode 
segment 
and digit 
drivers 
required 


ICM7217 
Intersil 
CMOS 
up/down 
counter; 
presetlable 
4 Digit 
Common 
Cathode 
IA.CI 


start/count 
and 
compare 
register; 
12.5 mA pk ItYPI. 
10 mA pk Iminl1 
of 4 D.F. 


ICM7227 
for hard-wired 
microprocessor 
control 
Four 
Digit 
Common 
Anode 
IBI 


applications; 
cascadable 
40 mA pk ItYPI. 
25 mA pk (mini 
1 of 4 D.F. 


ICM7208 
Intersil 
Seven 
decade 
counter 
with 
scanning 
7 Digit 
Common 
Cathode 
circuitry. 
display 
blanking. 
reset 
15 mA pk (typl1 
of 8 D.F. 


ICM7225 
Intersil 
High 
speed 
(25 MHz tYPI counter/ 
4-1/2 
Digit 
Common 
Anode 
decoder/driver 
8 mA dc (tYPI. 5 mA dc (mini 


ICM7216 
Intersil 
Universal 
Counter 
that 
measures 
8 Digit 
Common 
Anode 
(A/CI 


frequency. 
period. 
frequency 
ratio. 
35 mA pk (typl. 
25 mA pk Iminl1 
of 8 D.F. 


ICM7226 
time 
interval, 
units 
8 Digit 
Common 
Cathode 
IB/DI 


15 mA pk ItYPI. 
10 mA pk Iminl 
1 of 8 D.F. 


ZN1040E 
Ferranti 
Universal 
Up/Down 
Synchronous 
4 Digit 
Common 
Anode 
or Common 
Packard 
Counter. 
with 
separate 
memory 
latches. 
Cathode 
look 
ahead 
or borrow. 
internal 
80 mA pk (typl. 
50 mA pk Iminl 
1 of 4 D.F. 


oscillator, 
and scanning 
circuitry 


Pert Number 
Vendor 
Function 
Drive 
Conditions 


8279 
Intel 
Programmable 
Keyboard/Display 
16 Digit 
Common 
Anode 
or Common 
8279-5 
Interface; 
scanned 
keyboard, 
sensor 
Cathode 
segment 
and digit 
drivers 
required 
mode. strobed 
input 
mode. 
right 
or left entry 
mode 


MM74C912 
National 
Display 
Controller 
Driver 
with 6 x 8 
6 Digit 
Common 
Cathode 


(BCD-7 
Segmentl 
RAM, internal 
oscillator 
and scanning 
100 mA pk (tYPI. 60 mA pk Iminl1 
of 4 D.F. 


MM74C917 
circuit, 
internal 
segment 
decoder 


(Binary-Hexi 


MM74C911 
National 
Expandable 
Segment 
Display 
4 Digit 
Common 
Cathode 
Controller 
with 4 x 8 RAM. 
100 mA pk (tYPI. 60 mA pk Iminl 
1 of 4 D.F. 


self-contained 
internal 
oscillator 
and scanning 
circuit 


MM5450 
National 
Serial 
Input 
Display 
Driver; 
two line 
39 or 35 Segment 
Common 
Cathode 


MM5451 
interface 
to microprocessor, 
25 mA dc Imaxi. 
15 mA dc (mini 


continuous 
brightness 
control, 


data enable 


ICM7218 
Intersil 
Display 
driver 
system 
with 8 x 8 
8 Digit 
Common 
Anode 
(A. C. EI 


memory; 
Hex decode. 
code 
B. or 
25 mA pk (typl. 
20 mA pk (minl1 
of 8 D.F. 


no decode 
8 Digit 
Common 
Cathode 
(BI 


25 mA pk (tYPI. 10 mA pk (minl1 
of 8 D.F. 


ICM7212 
Intersil 
Display 
Decoder 
Driver 
4 Digit 
Common 
Anode 
8 mA dc (typl. 
5 mA dc (mini 


Pert Number 
Vendor 
Function 
Drive Conditions 


ICM7045A 
Intersil 
Complete 
industrial 
stopwatch. 
pre- 
7 Digit 
Common 
Cathode 
cision decade 
timer to count 
seconds, 
15 mA pk (tYPI. 10 mA pk (mini 
1 of 8 D.F. 


minutes 
or hours by relation 
of suitable 
oscillatory 
frequencies 


ICM7215 
Intersil 
Split and Taylor 
time stopwatch 
circuit 
6 Digit 
Common 
Cathode 
13.2 mA pk (typl. 
9 mA pk (minl1 
of 8 D.F. 


S1998A1B 
AMI 
Digital 
Alarm 
Clock 
with snooze 
and 
4 Digit 
Common 
Anode 
sleep timer 
16 mA dc (tYPI 


MSM5523 
OKI 
Multifunction 
clock 
and radio. fre- 
4-1/2 
Digit 
Common 
Anode 
or Common 
quency 
counter; 
five time modes. 
four 
Cathode 
segment 
and digit 
drivers 
required 
frequency 
modes. 
AM/FM 
indicator 


MSM5929 
OKI 
Auto 
Clock; 
12 or 24 hour format, 
4 Digit 
Common 
Anode 
or Common 
blinking 
colon. 
leading 
zero bianking 
Cathode 
segment 
and digit drivers 
required 


Part Number 
Vendor 
Function 
Drtve Condition. 


ICL7107 
Intersil 
A/D Converter with decoder/drivers 
3-1/2 Digit Common Cathode 
and clock 
8 mA dc ItYPI.5 mA dc Iminl 


ADD3501/3701 
National 
DVM with pulse modulation A-D 
3-1/2 Digit Common Cathode 
conversion, 
internal 
or external 
clock 
50 mA pk ItYPI 1 of 4 D.F. 


overtlow displayed 
digit drivers 
required 


LD130 
Siliconix 
CMOS ND Converter; BCD outputs 
3-1/2 Digit Common Anode or Common 
Cathode required BCD-7 segment decoder 
and digit drivers 


Part 
Vendor 
Number 
De.crtptlon 


Teledyne Kinetics 
Model S4050 
Glass filled thermopiastic polyester with 
410 South Cedros Avenue 
Model S4200 
spring contacts. 
Parallel 
and 90° 
mounting 
P.O. Box 427 
as well as high and low profile available. 


Solano Beach. CA 92075 
Model S4200is available with up to 


17141755-1181 
40 contacts. 


Precision 
Concepts, 
Inc. 
1255 
Snapper connector. Any number of contacts 
1595BOcean Avenue 
90-1255 
can be supplied on a strip with any of the 
Bohemia. NY 11716 
following angles from horizontal 10'.45'. 


15161567-0995 
50'. 90' I. Solder plug pins also available. 


William Prym-Werke KG 
Specify 
Contact pin with knurling. Standard 
519 Stolberg/Rheiniand 
Contact 
dimensions 
with special 
designs 
done 


102402114331/14465 
Pin 
on request. 


J.A.V. Manufacturing. Inc. 
Series 
Snap in friction fit. Available in 30' angle 
125Wilbur Place 
022-002 
from horizontal. Up to 17contacts. Solder 
Bohemia, NY 11716 
plug pins also available. 


15161567-9030 


LED Color 
Panelgraphlc 
SGL Hom.ute 
3M Company 
Glarecheq 
Rohm and H••• 
Schott 
DCLI 
Polaroid 


Standard 
Ruby Red 60 
H100-1600 
R6510 
Spectrafilter 
112 Plexiglass 2423 
RG-645 
Red 
Dark Red 63 
Hl00-1605 
P7710 
Spectrafilter 
118 Oroglass 2414 
RG-630 
Purple 90 
Hl00-1804 
(Purple) 


High 
Scarlet Red 65 
Hl00-1670 
R6310 
Spectrafi1ter 110 
RG-610 Sunguard·· 
HNCP10 
Efficiency 
Neutral 
N0220 
Spectra filter 105 
(Neutral 
GraYl 
(Neutral 
Gray) 


Red 
Gray 10 
(Neutral 
Grayl 
(Neutral 
Gray) 


Yellow 
Yellow 27 
Hl00-1720 
A5910 
Spectrafilter 
106 
Sunguard'· 
HNCP10 


Neutral 
N0220 
Spectrafilter 
105 
INeutral 
Gray) 
(Neutral 
Gray, 


Gray 10 
I Neutral Grayl 
(Neutral 
Gray) 


Green 
Green 48 
H100-1440 
G5610 
Spectrafilter 
107 
Sunguard'· 
HNCP10 
Neutral 
N0220 
Spectrafilter 
105 
(Neutral 
Gray) 
rNeutral Gray) 


Gray 10 
INeutral 
Grayl 
INeutral 
Gray) 


Addresses for companies 
listed above. 


Panelgraphic 
Corporation 
3M Company 
10 Henderson Drive 
Visual Products Division 
West Caidwell. NJ 07006 
3M Center. Bldg. 220-10W 


(201) 227-1500 
SI. Paul. MN 55101 
SGL Homalite 
(612) 733-0128 
11 Brookside 
Drive 
Glarecheq 
Wilmington. 
DE 19804 
Chequers Engraving ltd. 


(3021652-3686 
1-4 Christina Street 
London EC2A P4A 
England 
(011 739-6964 


Rohm and Haas 
Independence 
Mall West 
Philadelphia. 
PA 19105 


(2151592-3000 


Schott Opticai Glass 
Duryea. PA 13642 
(717) 457-7485 


Optical Coating Labs, Inc. IOClI) 


2789 Griffen Avenue 
Santa Rosa. CA 95401 
(7071 545-6440 


Polaroid Corporation 
Polarizer Division 
20 Ames Street 
Cambridge. 
MA 


(6171577-2000/3655 • 
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Bar Graph Array Applications 


The need for converting analog information into a visual 
display exists in many applications. Historically, the de- 
signer has had two possible solutions: the traditional 
panel meter or discrete indicators aligned in an array. 
There are serious drawbacks with both solutions. Analog 
panel meters with inherently mechanical movements have 
been plagued with low tolerance for mechanical shock. 
Also, there is a strong customer demand for a more aes- 
thetically pleasing display medium. Discrete indicators 
cause problems due to high parts count, difficult mechan- 
ical and optical alignment, as well as intensity and color 
variations across a display panel. Hewlett-Packard has 
solved many of these typical problems by introducing the 
HDSP-4820/-4830/-4840 series of 10 element LED bar 
graph arrays. The 10element bar graph array series,avail- 
able in standard red, high efficiency red,and yellow, offers 
the designer ultimate flexibility and easeof use in design- 
ing a display system. 


This application 
note begins with a description of the 
manufacturing process used to construct the 10 element 
array. Next is a discussion of the package design and 
basic electrical configuration and how they affect design- 
ing with the bar graph array. Mechanical information 
including pin spacing and wave soldering recommenda- 
tions are made. 


Display interface 
techniques 
of two basic types are 
thoroughly 
discussed. 
The first 
of these two drive 
schemes is applicable in systems requiring display of 
analog signals in a bar graph format. The second major 
drive technique interfaces bar graph arrays in systems 
where the data is of a digital nature. Examples of micro- 
processor controlled bar graph arrays are presented. 


Summarized for the design engineer are tables of availa- 
ble integrated circuits for use with bar graph arrays. 
Finally, a list of recommended filters is included. 


The 10element bar graph array devices are manufactured 
using the concept of "stretching" the light from an LED by 
diffusion and reflection as shown in Figure 1. The LED 
chips are mechanically supported and electrically con- 


LIGHT 
DIFFUSING 
CAVITY 


CONTRAST 
ENHANCEMENT 
GRAY 
TOP 
SURFACE 


RUGGED 
LEADS 
0.38 mm X 0.61 mm 
(0.015 
in. 
X 0.024 
in.) 


nected by a lead frame. The plastic housing, called a 
"scrambler", contains reflective cavities which act as light 
pipes. These cavities are filled with a diffusant epoxy to 
provide uniform illumination at the emitting surface. 


All bar graph arrays are manufactured in standard DIP 
packages with leads on 2.54mm (0.100inch) centers with 
a row-to-row spacing of 7.6 mm (0.300 inch). As shown in 
the device schematic in Figure 2, each LED anode and 
cathode is present on external pins for ease of use. 


Each of the 10 elements within the device is matched for 
luminous intensity. The effect of this matching is that 
users of a single ten element array need not worry about 
element-to-element 
matching within the package. The 


average luminous intensity for the device is coded by a 
letter on the side of the package. In applications requiring 
two or more bargraph arrays end stacked, the user merely 
chooses devices from a single light intensity category to 
provide uniform brightness across the display panel. 


Color uniformity of the bar graph arrays is an important 
consideration. The standard red and high efficiency red 
displays have inherent color uniformity and need not be 
categorized. However, the eye is more sensitive to color 
differences in the yellow region. Therefore, the yellow bar 
graph arrays are categorized by dominant wavelength. 
These categories are coded by a number on the side of the 
package. The user should choose units from asingle color 
category to achieve a display panel with optimal color 
uniformity. 


The bar graph arrays have a neutral gray top surface and 
untinted segments to ensure maximum color difference 
between on and off segments. To maximize contrast 
enhancement, specially developed filters should be used 
in conjunction with the bar graph arrays. A list of recom- 
mended filters is contained in Table I. 


The bar graph arrays offer substantial improvement over 
discrete devices in the area of mechanical alignment. 
Because the ten light emitting cavities are molded in a 
single package, element-to-element 
consistency as well 
as mechanical and optical alignment are vastly improved. 
The package also has a unique interlocking 
mechanism 
that easesalignment in applications requiring arrays to be 
end stacked. 


If the bar graph arrays are to be wave soldered, Sn60 or 
Sn63 Solder is recommended. The solder wave tempera- 
ture should be no greater than 260°C with a maximum 
dwell time of 3 seconds. The devices have a 1 mm (0.040 
inch) standoff which provides clearance above the printed 
circuit board to facilitate flux removal. 


To optimize optical performance, specifically developed 
plastics are used in the bar graph arrays. These plastics 
restrict the solvents that may be used for cleaning. It is 
recommended that only mixtures of Freon (F113) and 
alcohol be used for vapor cleaning processes. The immer- 
sion time in the vapors should be less than two (2) 
minutes. Some suggested vapor cleaning solvents are 
Freon TE, Genesolv 01-15 or OE-15, Arklone A or K. A 
60°C (140°F) water cleaning process may also be used, 
which includes a neutralizer rinse (3% ammonia solution 
or equivalent), asurfactant rinse (1%detergent solution or 
equivalent), 
a hot water rinse and a thorough 
air dry. 
Room temperature cleaning may be accomplished with 
Freon T-35 or T-P35, Ethanol, Isopropanol or water with a 
mild detergent. 
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Many applications 
for bar graph arrays are in systems 
where the analog signal needs to be displayed with little or 
no conditioning. 
Several analog input IC decoders are 
available from different manufacturers and are listed in 
Table II. Although these decoders differ somewhat from 
manufacturer to manufacturer, the principle upon which 
they all operate is the same. A block diagram of a typical 
five element analog input bar graph decoder is shown in 
Figure 3. Within each IC is a reference voltage network 
and a set of comparators to detect the level of the analog 
input signal. When the input signal is greater than the 
reference voltage for the first comparator, the first output 
is enabled. As the input signal is increased, subsequent 
outputs 
are also enabled. Some manufacturers 
have 
incorporated two types of input signal decoding. The first 
type of decoding turns on all LEOswith voltage thresholds 
below the analog input (standard bar graph). The second 
type of decoding turns on only one output at any given 
time. When the analog input lies within the active region of 
a particular comparator 
(VREF 
N $ VIN 
< VREF 
N+1 " that 
output 
is enabled and all others are disabled. This is 
known as position indicator mode. Since only one LEO is 
on at any time in the position indicator mode, powerdissi- 
pation is significantly reduced. Examples of both types of 
decoding are discussed in this section. 
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The circuit 
shown 
in Figure 4 uses the Texas 
Instruments 
TL480C 
and 
the 
HDSP-4820 
to form 
a low 
cost 
audio 
system 
VU meter. The ten comparators 
combined 
with the 
voltage 
reference 
network 
within 
the TL480C 
detect 
the 
level of an analog 
input 
signal 
at the A input. 
Output 
Q1 is 
switched 
to a logic 
low at a typical 
input 
voltage 
of 203 


millivolts. 
Due to the logarithmic 
scaling 
within 
the part, as 
the input 
signal 
is increased 
by 2 dB increments, 
the sub- 
sequent 
outputs 
are switched 
to logic 
low levels and the 
LEOs are illuminated. 
If the TL480C 
is set to display 
full 
scale when 
the analog 
input 
is at 2.0 volts, 0 dB to 18 dB 
can be displayed 
on the bar graph array. 


The circuit 
shown 
in Figure 5 utilizes 
the National 
LM3914 
and 
the 
HDSP-4830 
to form 
a flexible, 
ten 
element 
bar 
graph. 
The 
LM3914 
is a versatile 
decoder 
in that 
it can 
operate 
in two distinct 
modes. 
The state of MODE 
(pin 9) 


determines 
the display 
format. 
When 
it is tied directly 
to 
Vcc 
(pin 
3), full 
bar graph 
decoding 
occurs. 
But 
when 
MODE 
is tied 
to pin 11 the LM3914 
operates 
in position 
indicator 
mode. 
This 
MODE 
pin can also be used to cas- 
cade 
additional 
LM3914s 
to form 
bar 
graphs 
of greater 
resolution. 


The circuit 
in Figure 
5 displays 
a OV to 5V signal 
on the 
HDSP-4830 
high 
efficiency 
red bar graph 
array. 
The full 
scale 
reading 
is determined 
by the adjustable 
voltage 
at 
the REF OUT 
node. 
The LM3914 
forces 
a nominal 
1.25V 
constant 
voltage 
between 
REF OUT (pin 7) and REF ADJ 


(pin 8). In Figure 
5 this voltage 
is applied 
across 
resistor 
R1. Since this voltage 
is constant, 
a constant 
current 
flows 
through 
R1 giving 
an output 
voltage 
REF OUT as calcu- 
lated below. 


The value of R1 also determines 
the LED current. 
Approx- 
imately 
ten times the current 
that flows from REF OUT (pin 
7) is drawn 
by each 
lighted 
LED. The calculation 
of LED 
current 
is shown 
below. 
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Therefore, 
by choosing 
R1 for the desired 
LED brightness, 


and using the value of IADJ stated in the LM3914data 
sheet 


(75!J.A typical), 
R2 can be determined. 
By using a potenti- 
ometerfor 
R2, the value of REF OUT can be adjusted 
to the 
precise 
level desired. 


The LED current 
in Figure 
5 has been set nominally 
to 10 
mA 
DC 
using 
the 
techniques 
described 
above. 
When 
operated 
in position 
indicator 
mode with 
Vcc = 6.8V, the 
power 
dissipation 
is approximately 
110 mW. The 
worst 
case 
power 
dissipation 
when 
operated 
in bar mode 
(10 
elements 
on) is approximately 
720 mW. 


If low 
power 
dissipation 
and full 
bar graph 
decoding 
is 
desired, 
the LM3914 can be operated 
as shown 
in Figure6. 


The LM3914 
is again operated 
in position 
indicator 
mode. 


However, 
the ten LEOs are driven 
in series 
from 
a +24V 
power supply. 
The REF OUT voltage 
is adjusted 
so the bar 
graph 
reads +5V full scale. When VIN lies between 
OV and 
+0.5V, 
no LEOs will 
be on. When 
VIN lies between 
+0.5V 
and +1.0V, 
Output 
1 is enabled 
and LED 1 is illuminated. 
Each time the input 
voltage 
increases 
0.5V, the 10 mA sink 
moves 
to the 
next 
output 
pin, 
illuminating 
an additional 
LED. When the input 
voltage 
is +5V or more 
(+35V 
maxi- 
mum), 
all ten LEOs are illuminated 
with the same 
10 mA. 


To the observer 
the bar graph 
appears 
to operate 
identi- 
cally to the one in Figure 
5 when 
in BAR mode. 
However, 
the 
worst 
case 
power 
dissipation 
has 
been 
reduced 
by 
approximately 
one half to 380 mW. 


Many 
applications 
for 
bar graph 
arrays 
are in digital 
sys- 
tems. While the data being displayed 
may relate directly 
to 
an analog signal, it often will be converted 
to a digital format 
for processing. 
This conversion 
can be accomplished 
by a 
microprocessor 
and/or 
dedicated 
hardware. 
Several 
inter- 
face techniques 
that have been developed 
for displaying 
this 
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digitized data in bar graph form are covered in this section. A 
list of digital input integrated circuits suitable for use as bar 
graph drivers is compiled in Table III. 


Binary 
Coded 
Decimal 
(BCD) 
is one commonly 
used 
method for coding display data in digital systems. Figures 7 
and 8 contain circuits designed for interfacing BCD systems 
to a ten element bar graph. In each case a 1-of-10 decoder 
(7442) is used to convert the BCD information tothe display 
format. The circuit in Figure 7 drives the bar graph in posi- 
tion indicator 
mode. That is, only the one LED corre- 
sponding to the BCD input is on at any onetime. Thecircuit 
in Figure 8 has additional hardware to provide a true bar 
graph display. Therefore, when any output is decoded and 
turned on, that LED and all the LEOsbelow it are illuminated. 
The circuits in Figures 7and 8 usethe HDSP-4840yellow bar 
graph with the forward current set nominally at 10 mA DC. 


Figure 9 shows a thirty element, DC driven bar graph array 
utilizing the National MM5450 LED Display Driver. The cir- 


{ 


A 


BCD 
B 


DATA 
: 


cuit uses 3 HDSP-4830 high efficiency red bar graphs end 
stacked to form the display portion 
of the circuit. 
The 
MM5450 is aserial in-parallel out shift register with 34output 
pins that can sink up to 15 mA each. This current can be 
adjusted by an external potentiometer applied between VDD 
(pin 20) and Brightness Control (pin 19).Serial data transfer 
from the data source, in this case the microprocessor, to the 
display driver is accomplished with the two signals SERIAL 
DATA and CLOCK. By using a format of a leading "1" bit 
followed by 35 data bits, data transfer is allowed with a 
minimal hardware interface.The 35data bits are latched after 
the 36th bit is complete. This provides non-multiplexed, 
direct drive to the bar graph array. 


Figure 10 contains the software necessary to interface the 
MM5450to the 6800 microprocessor. The serial display data 
is transferred from the microprocessor via bit 7 of the Data 
Bus. The data is clocked in each time the microprocessor 
writes to the 
MM5450. The clocking 
is accomplished 
through a combination 
of higher order addresses, R/W, 


VMA and q,2. 


The software first outputs a start bit to the MM5450.Next, the 
binary number corresponding to the number of bar graph 
elements to be displayed is loaded from memory location 
BINARY. This value is subtracted from 34,0 = 22H, leaving 
the number of OFF elements to be clocked. These OFF bits 
are clocked first, followed 
immediately 
by the ON bits. 


Finally, the 36th clock pulse is generated, and the bar graph 
is illuminated. This display will remain illuminated without 
the need for microprocessor interaction until the data needs 
changing. 


The user should ensure that the correct number of clock 
pulses are always applied to the MM5450. If this condition is 
violated once, the bar graph will display erroneous data until 
it is reset. Due to the lack of an external reset pin on the 
MM5450,the chip must then be turned oil and subsequently 
repowered to reset and initialize correctly. 
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Figure 
11 shows 
an 
8080A 
microprocessor 
to 
bar 
graph 


interface 
utilizing 
the Intersil 
ICM7218A. 
This 
display 
driver 


has an 8 x 8 static 
RAM 
to store 
display 
data, 
sourcing 
and 


sinking 
drivers. 
and 
refresh 
timing 
for 
interfacing 
up to 64 


LED elements 
to a microprocessor. 
However, 
the ICM7218A 


drives 
these 
elements 
at 20 mA IpEAK/ELEMENT (MINIMUM) on 


a 12% duty 
factor 
which 
may 
result 
in unacceptably 
low 


average 
current 
and 
brightness. 
For this 
reason, 
the 
eight 
digit 
drivers 
are paralleled 
in pairs 
in Figure 
11. This 
results 


in 
a thirty 
element 
bar 
graph 
array 
operating 
at 
20 
mA 


IPEAK/SEGMENT (MINIMUM) with 
a duty 
factor 
of 24%. 


The 
software 
to 
interface 
the 
8080A 
to 
the 
ICM7218A 
is 
shown 
in Figure 
14. With 
the 
MODE 
input 
at a logic, 
high 


WRITE 
is pulsed 
low. 
This 
clocks 
a control 
word 
from 
the 
data 
bus to the ICM7218A. 
This 
control 
word 
is decoded 
as 


described 
in Figure 
12. Inputs 
104. 105, and 
107 are all logic 


highs 
which 
initialize 
the 
device 
into 
the 
proper 
mode 
of 
operation. 
This means 
that the next eight 
data words 
that are 


clocked 
into 
the 
ICM7218A 
will 
appear 
on 
the 
strobed 
outputs. 


Memory 
location 
BINARY 
contains 
the number 
of elements 
in the 
bar 
graph 
that 
are to 
be illuminated. 
The 
software 


converts 
this information 
to bar graph 
form 
by rotating 
a 1 bit 


through 
the accumulator 
until 
BINARY 
decrements 
to zero. 


Since 
the 
logic 
is inverted 
for the d.p. 
output, 
an exclusive 
OR mask 
has been 
used to complement 
this 
bit. Also 
since 
the digit 
drivers 
have been 
paired. 
two 
OUTput 
instructions 
are required 
for each 
byte decoded. 
The software 
is graphi- 


cally 
depicted 
in 
Figure 
13. 
When 
the 
ICM7218A 
has 


received 
nine words 
(control 
word 
and eight 
data words), 
the 


information 
is displayed 
on the 
bar graph. 
This 
bar graph 


array 
will 
remain 
illuminated 
without 
the need for micropro- 


cessor 
interaction 
until 
the data 
needs 
changing. 


ID7 
ID6 
IDS 
ID4 
ID3 
ID2 
ID1 
IDO 
1 
X 
1 
C 
X 
x 
x 
x 


c = 0 
BLANK DISPLAY (RAM CONTENTSUNCHANGED) 
c = 1 
NORMAL OPERATION 
X = 
DON'T CARE 


ID7 
ID6 
IDS 
ID4 
ID3 
ID2 
ID1 
IDO 
itji. 
a 
b I 
c I. 
9 
f 
d 


UNCODEDSEGMENTINFORMATION 


LOGIC 1 REPRESENTSAN ON SEGMENTFORALL INPUTS 
EXCEPTa.p., WHERELOGIC0 REPRESENTSAN ON d.ji. I 


a 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 
1 
1 
a 
a 
1 
1 
1 
1 
1 


1 
a 
a 
1 
1 
1 
1 
1 


1 
a 
a 
a 
a 
a 
a 
a 
1 
a 
a 
a 
a 
a 
a 
a 


001C 
DSPLY 
EQU 
001CH 
002C 
MODE 
EQU 
002CH 
0000 
ORG 
OEOOOH 
EOOO 
01 
BINARY 
DB 
1 
;NUMBER 
OF ELEMENTS 
ON (3010 
- 1EH OR LESS) 
EOOI 
F5 
LOAD 
PUSH 
PSW 
E002 
C5 
PUSH 
B 
E003 
E5 
PUSH 
H 
E004 
3E 
FO 
MVI 
A,OFOH 
E006 
03 
2C 
OUT 
MODE 
;MODE 
IS ONE 
E008 
03 
lC 
OUT 
DSPLY 
;CLOCK 
CONTROL 
WORD 
EOOA 
3E 
00 
MVI 
A,OOH 
EOOC 
03 
2C 
OUT 
MODE 
;MODE 
IS ZERO 
EOOE 
06 
08 
MVI 
B,08H 
;BIT COUNTER 


EOIO 
OE 
04 
MVI 
C,04H 
;BYTE 
COUNTER 


E012 
21 
00 
EO 
LXI 
H, BINARY 
;GET BINARY 
E015 
7E 
MOV 
A,M 
E016 
FE 
00 
CPI 
00 
E018 
CA 
33 
EO 
JZ 
LOOP 1 
;JUMP IF ZERO, 
ELSE CONTINUE 
EOIB 
3E 
00 
CLEAR 
MVI 
A,OO 
EOID 
37 
SET 
STC 
;SET CARRY 
E01E 
17 
RAL 
;ROTATE 
ONE BIT 
EOIF 
35 
OCR 
M 
E020 
CA 
33 
EO 
JZ 
LOOP 1 
;JUMP 
IF ZERO, 
ELSE CONTINUE 
E023 
05 
OCR 
B 
; DECREMENT 
BIT COUNTER 
E024 
C2 
10 
EO 
JNZ 
SET 
;JUMP 
IF NOT ZERO, 
ELSE CONTINUE 
E027 
EE 
80 
XRI 
80H 
;COMPLEMENT 
BIT 7 
E029 
03 
lC 
OUT 
DSPLY 
;CLOCK 
DISPLAY 
E02B 
03 
1C 
OUT 
DSPLY 
; CLOCK 
DISPLAY 
E02D 
00 
OCR 
C 
;DECREMENT 
BYTE COUNTER 


E02E 
06 
08 
MVI 
B,08H 
;RESET 
BIT COUNTER 
E030 
C3 
1B 
EO 
JMP 
CLEAR 
;START 
NEW BYTE 
E033 
EE 
80 
LOOP 1 
XRI 
80H 
;COMPLEMENT 
BIT 7 


E035 
03 
lC 
OUT 
DSPLY 
;CLOCK 
DISPLAY 
E037 
03 
lC 
OUT 
DSPLY 
;CLOCK 
DISPLAY 
E039 
00 
OCR 
C 
;DECREMENT 
BYTE COUNTER 


E03A 
CA 
42 
EO 
JZ 
QUIT 
;JUMP 
IF ZERO, 
ELSE CONTINUE 
E03D 
3E 
80 
MVI 
A,80H 
;ENSURE 
BIT 7 CORRECT 
E03F 
C3 
35 
EO 
JMP 
LOOP 1 + 2 
E042 
E1 
QUIT 
POP 
H 
E043 
C1 
POP 
B 
E044 
Fl 
POP 
PSW 
E045 
C9 
RET 
E046 
END 


LED Color 
Panelgraphlc 
SGL Homallte 
3M Company 
Glarecheq 
Rohm and Haas 
Schott 
OCLI 
Polaroid 


Standard 
Ruby Red 60 
H100-1600 
R6510 
Spectrafilter 
112 Plexiglas5 2423 
RG-645 
Red 
Dark Red 63 
H100-1605 
P7710 
Spectrafilter 
118 Oroglas5 2414 
RG-630 
Purple 90 
H100-1804 
(Purple) 


High 
Scarlet Red 65 
H100-1670 
R6310 
Spectrafilter 
110 
RG-610 Sunguardlfl' 
HNCP10 


Efficiency 
Neutral 
N0220 
Spectrafilter 
105 
INeutral 
Gray I (Neutral 
Grayl 


Red 
Gray 10 
INeutral Gray I (Neutral 
Gray) 


Yellow 
Yellow 27 
H100-1720 
A5910 
Spectra filter 106 
Sunguard'· 
HNCP10 


Neutral 
N0220 
Spectrafilter 
105 
(Neutral 
Gray) 
(Neutral 
Gray) 


Gray 10 
(Neutral 
Grayl 
INeutral Grayl 


Addresses 
for 
companies 
listed 
above. 


Panelgraphic 
Corporation 
3M 
Company 
10 Henderson 
Drive 
Visual 
Products 
Division 
West 
Caldwell. 
NJ 07006 
3M Center, 
Bldg. 220~10W 
201 
227-1500 
$1. Paul. 
MN 55101 


SGL 
Homalite 
612 
733-0128 


11 Brookside 
Drive 
Wilmington, 
DE 
19804 
302 652-3686 


Glarecheq 
Chequers 
Engraving 
ltd. 


1-4 Christina 
Street 
London 
EC2A 
P4A 


England 
1011739-6964 


Rohm 
and 
Haas 


Independence 
Mall 
West 
Philadelphia. 
PA 
19105 
215 592-3000 


Schott 
Optical 
Glass 


Duryea. 
PA 
13642 
717 457-7485 


Optical 
Coaling 
Labs, 
Ine 


IOCUI 
2789 
Griffen 
Avenue 
Santa 
Rosa, 
CA 
95401 


1707 545-6440 


Polaroid 
Corporation 


Polarizer Division 
20 Ames 
Street 
Cambridge. 
MA 
617 577-200013655 


Part 
Drive 


Number 
Vendor" 
Conditions 
Scale 
Elements 
Comments 


UAA170 
Siemens 
S50 
mA DC 
External 
16 
Position 
indicator 
only, 
user sets scale 


UAA180 
Siemens 
10 mA DC (tyP) 
External 
12 
User 
sets scale 


TL489 
TI 
S40 
mA DC 
Linear 
5 
200 mV increments 


TL487 
TI 
S40 
mA DC 
Log 
5 
3 dB increments 


TL490 
TI 
S40 
mA DC 
Linear 
10 
50-200 
mV adjustable 
increments 


TL480 
TI 
S40 
mA DC 
Log 
10 
2 dB increments 


TL491 
TI 
S-25 
mA DC 
Linear 
10 
50-200 
mV adjustable 
increments 


TL481 
TI 
S -25 mA DC 
Log 
10 
2 dB increments 


LM3914 
National 
2S 
I S30 
mA DC 
Linear 
10 
Position 
indicator/bar 
option 


LM3915 
National 
2S 
I S30 
mA DC 
Log 
10 
Position 
indicator/bar 
option 


LM3916 
National 
2S 
I S30 
mA DC 
Log 
10 
Position 
indicator/bar 
option 


U237B 
AEG-Tel. 
20 mA (typ) 
Linear 
5 
200 mV increments 
(200 mV-1000 
mV) 


U244B 
AEG-Tel. 
20 mA (typ) 
Linear 
5 
180 mV increments 
(200 mV-1000 
mV with 
overlap) 


U247B 
AEG-Tel. 
20 mA (typ) 
Linear 
5 
200 mV increments 
(100 mV-900 
mV) 


U254B 
AEG-Tel. 
20 mA (typ) 
Linear 
5 
100 mV increments 
(110 mV-900 
mV with 
overlap) 


U257B 
AEG-Tel. 
20 mA (typ) 
Log 
5 
-15 dB to +6 dB 


U267B 
AEG-Tel. 
20 mA (typ) 
Log 
5 
-20 dB to +3 dB 


XR-2277 
Exar 
S 18 mA DC 
Log 
12 
-30 dB to +6 dB, position 
indicator/bar 
option 


XR-2278 
Exar 
S 18 mA DC 
Log 
12 
-20 dB to +8 dB, position 
indicator/bar 
option 


XR-2279 
Exar 
S 18 mA DC 
Log 
. 
12 
3 dB increments, 
position 
indicator/bar 
option 


"This is a partial list of vendors. 
Other suppliers 
may exist. 


Table 
III. 
Digital 
Input 
Bar Graph 
Drivers 


Part 
Drive 
Number 
Vendor" 
Conditions 
Elements 
Comments 


MM74C911 
National 
100 mA pk, 25% OF 
32 
Software 
decode, 
parallel 
interface 


MM5450/51 
National 
S 15 mA DC 
34/35 
Software 
decode, 
serial 
interface 


ICM7218A 
Intersil 
20 mA pk, 12% OF 
64 
Common 
Anode, 
software 
decode, 
parallel 
interface 


8243 
Signetics 
13 mA DC 
8 
n of 8 decoder 


7442 
TI, 
16 mA DC 
10 
1 of 10 decoder 
Fairchild, 


et al 
• 
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Optical Sensing for the HEDS-l000 


Introduction 


The 
rapid 
growth 
of 
the 
digital 
processing 
used 
in 
commercial. 
industrial 
and 
consumer 
products. 
has 
created 
the 
need 
for 
sensors 
that 
convert 
physical 
parameters 
into 
electrical 
signals 
which 
may 
directly 
interface 
to a digital 
system. 
Optical 
sensors 
have utility in 
each 
of these 
areas. 
in that 
they 
provide 
a quick 
non- 
contact 
response 
to the parameters 
sought asa data source. 


Commercial 
applications 
include 
bar 
code 
scanning. 
paper 
edge sensing. 
end of tape sensing. 
and position 
and 
magnetic 
tape loop stabilizing. 
Industrial 
uses may consist 
of optical 
tachometry. 
assembly 
line 
monitoring. 
and 
safety 
interlocks. 
while the consumer 
uses of the optical 
sensor 
may 
be found 
in audio 
products. 
entertainment 
products. 
and video games. 


This application 
note describes 
the electrical 
and optical 
design 
considerations 
for 
using 
discrete 
optoelectronic 
devices. 
or 
the 
HEDS-lOOO 
High 
Resolution 
Optical 
Reflective 
Sensor. 
The 
application 
areas 
addressed 
include 
non-contact 
transmittive. 
or 
reflective 
sensor 
systems. 


Each of these application 
areas includes 
an optical 
emitter. 


a transmission 
path. and a detector 
to perform 
the sensing 
function. 
The 
sensing 
may 
occur 
by having 
the 
object 
obstruct 
the transmission 
path. 
orcompleteit 
by reflecting 
the emitter 
beam to the detector. 
In either 
the transmissive 
or 
reflective 
sensing 
configuration. 
there 
are 
optical. 
electrical. 
and 
mechanical 
considerations 
that 
must 
be 
addressed 
in order 
to insure 
optimum 
performance 
of the 


emitter 
detector 
system. 


System 
Elements 


Every 
optical 
sensor 
system 
includes 
a source 
of optical 
flux, a transmission 
path, 
and a receiving detector. 
In most 
sensor 
system 
analysis, 
the 
available 
flux 
and 
the 


responsivity 
of the receiver 
are considered 
to be constant 
and 
consequently 
the dynamic 
incidance 
change 
found 
at the 
receiver 
results 
from 
modifications 
of the 
trans- 
mission 
path. 
Figure 
I shows 
a paper 
tape 
reader 
and 
densitometer 
examples 
of transmissive 
sensor systems. 
The 
presence 
or absence 
of the paper 
hole 
results 
in a binary 


"X". 


MODULATION 


EDGE/HOLE 


SENSING 


PARTIAL 


DIGITAL 


MODULATION 


ANALOG 


MODULATION 


(DENSI- 


TOMETRYI 


ON-OFF 
transmission 
path 
attenuation. 
The densitometer 
functions 
by 
causing 
an analog 
modulation 
of the 
trans- 
mission 
path. 
Bar code scanning 
and paper edge sensing are 
applications 
of reflective 
sensor techniques 
shown in Figure 
I. The 
bar 
code 
provides 
a reflective 
contrast 
between 
the 
background 
and 
the 
bars. 
It is the reflective 
differ- 
ential 
that 
modulates 
the 
transmission 
path. 
In paper 
edge sensing 
applications, 
the paper 
edge creates 
a digital 
responding 
transmission 
system. When the paper edge is not 
present 
in the reflecting 
field of the sensor, 
the flux trans- 
mission 
will be zero, 
and 
the 
transmittance 
will increase 
when the edge is in the field. 


Optical Transfer 
Function 


The 
characteristics 
of 
the 
transmission 
path 
can 
be 
estimated 
through 
the use of an optical 
transfer 
function, 


OTF. 
The 
function 
is the ratio 
of the total 
optical 
flux 
available. 
<Pe.to the incident 
flux arriving 
at the receiver, 


<P e (R). This function 
allows 
the designer 
to calculate 
the 
amount 
of 
photocurrent 
available 
for 
the 
detector 
amplifier. 


<Pe(RECEIVED) 


<Pe(AVAILABLE) 


The 
optical 
flux 
attenuation 
comes 
from 
a number 
of 
causes. 
One cause 
is the transmission 
loss as the flux 
is 


incident 
upon 
and passes 
through 
the transmission 
media. 
These losses come about 
because 
of reflection 
at the surface 
of the 
material, 
and scattering 
and absorption 
within 
the 
material. 
For 
the 
calculation 
of 
the 
optical 
transfer 
function, 
it is customary 
to describe 
these losses, T, in terms 
of a transmittance, 
T, of the material 
for the wavelength 
of 
the source. The transmittance 
is equal to: 


Another 
cause 
of attenuation 
is the incomplete 
coupling 
of the flux from 
the source 
to the receiver 
caused 
by the 
mismatch 
of the receiver 
relative 
aperture 
to the source 
relative 
aperture. 


Coupling 
Fundamentals 


The 
general 
case 
of source 
flux 
coupled 
to a receiver 
is 
dependent 
upon 
the 
source 
radiation 
pattern, 
the 
source· 


receiver 
spacing, 
and 
the 
receiver 
area. 
The 
following 
analyses show how these parameters 
affect the OTF. 


Figure 
2 
shows 
a 
source 
which 
is 
located 
at 
the 
center 
of a hemisphere 
with a receiver of an area A located 
at a distance, 
d, 
from 
the apex. 
The 
ratio 
of the receiver 
area to the distance 
squared 
defines the solid angle, W, sub· 


Ie (0) 
I 


tended 
by the area, A. The total flux, 
cPe, being radiated 
is 
the integral 
of the flux incident 
within the hemisphere. 
The 
radiation 
pattern 
of a Lambertian 
source 
is shown 
in 
Figure 
3. The 
pattern 
describes 
the ratio 
of the radiant 
intensity 
at an off-axis 
angle, 
le( 0) 
to the axial 
radiant 


intensity, 
le(O). The 
radiation 
pattern 
for a Lambertian 


source 
(or the reception 
pattern 
for a Lambertian 
receiver) 
is described 
by 
the 
cosine 
of the 
off-axis 
angle. 
The 
Lambertian 
radiation 
pattern 
function 
is: 


When 
the 
radiation 
pattern, 
le(O)/!e(O), 
and 
the 
axial 


radiant 
intensity, 
le(O), are 
known, 
Equation 
(4) can 
be 
used 
to 
determine 
the 
total 
flux 
into 
the 
hemisphere, 


(0 = 90°) or the flux into a cone created 
by the area, A. 


{ 


Ole 
(0) 
= Ie (0) 
-- 
2rr sin 0 d 0 
o 
Ie (0) 


When 
a Lambertian 
radiator 
is used as a source, 
the flux 
into 
the cone specified 
by the off·axis angle, 0, is calculated 
from 
Equations 
(3) and (4). 


8 


Ie (0{2rr 
cos 0 sin 0 d 0 
o 


The 
total 
flux, 
cPe, of the 
Lambertian 
source 
is obtained 
from Equation 
(5) when 
0 = 90°. Thus, 
the total flux 
cPeis 


rr times the axial 
radiant 
intensity, 
le(O). 


The amount 
of flux coupled 
into the receiver area A relates 
to 
the 
relative 
aperture 
of 
the 
receiver. 
The 
relative 
aperture, 
also 
known 
as 
the 
numerical 
aperture, 
N.A., 


defines 
the ability 
of the receiver 
to accept 
flux arriving at 
off·axis 
angles. 
When 
a source 
with 
a specific 
radiation 
pattern 
is considered, 
a receiver 
with 
a large 
numerical 
aperture 
will capture 
more 
flux 
than 
one with 
a smaller 
N.A. The numerical 
aperture 
is defined 
as the sine of one· 
half the included 
angle of the receiver cone. Thus, • 


As seen in Figure4, 
when small angles of 0 areconsidered, 


the numerical 
aperture 
can be calculated 
as: 


In Figure 
4 are shown 
a source 
and a receiver 
separated 
by 
a distance, 
d. At that distance, 
the cone ( IJI) of radiation 


from the source irradiates 
anarea, 
As. Clearly, 
the receiver 
having 
an area 
AR, much 
smaller 
than 
As, describes 
a 
smaller 
cone 
( IJ2) and 
will receive 
only a fraction 
of the 


flux 
radiated 
by the 
source. 
This 
fraction 
describes 
the 
Optical 
Transfer 
Function 
(OTF)forthissimple 
situation, 
and a good estimate 
of the value of this fraction 
is the ratio 


of 
the 
areas 
ARt As. 
Then, 
applying 
the 
relationship 


derived 
in Equation 
(7), the OTFcan 
be defined 
in terms of 
the cones 
for source 
and 
receiver 
which 
are described 
by 
numerical 
apertures: 


<l>R 
AR 
11d2N.A.R2 
(8) 
OTF; 
- 
- 


11d2N.A.S2 
<l>s 
AS 


(NARy 
CinIJ2)2 
NAS 
Sin IJ1 


In estimating 
OTF, 
it is necessary 
only to recognize 
and 


evaluate 
such cones of coupling 
- 
exit cone (or N.A.\ and 


acceptance 
cones. 
As a general 
rule, the cone angle, 
IJ , is 


defined 
as the angle 
at which coupling 
is 0.1 (10%) of the 


axial 
value 
( IJ = 0). A case of special 
interest 
is that 
of a 
Lambertian 
emitter 
having 
a radiation 
pattern 
varying 
as 
cos 
IJ. Theangleat 
whichcos 
IJ = 0.1 is 84.26°, at which sin 


IJ 
= 
N.A. 
= 0.995; 
thus, 
for 
practical 
purposes, 
a 
Lambertian 
source 
is regarded 
as having 
N.A. 
= I. If, in 


Figure 
4, a Lambertian 
source 
were used, the relationship 
in Equation 
(8) reduces: 


( 
N.A.R)2 
OTF; 
-- 
; 
NAS 


This simplification 
is important 
as it is used extensively 
in 


the sections 
to follow. 
Notice, 
however, 
that OTF 
cannot 


exceed 
unity,sothatifN.A.R 
> N.A.s,thenOTF= 
I. This 


occurs 
when the acceptance 
cone 
of the receiver 
is larger 
than 
the exit cone of the source. 


Lens Fundamentals 


In 
practical 
sensor 
applications, 
the 
source-receiver 


distance 
might 
be ten or more 
times 
the diameter 
of the 


receiver. 
If the receiver 
area is small relative 
to d, then by 


Equation 
(7), the receivernumericalap,erturewill 
be small. 


If the source is Lambertian, 
the total flux coupling 
will then 
relate 
to the square 
of this small numerical 
aperture. 


Through 
the use of lens, more efficient 
coupling 
will result. 


In 
order 
to 
understand 
how 
this 
is accomplished, 
it is 


helpful 
to present 
a few rules of optics. The first is the basic 


lens 
equation. 
Referring 
to 
Figure 
5 a double 
convex 


condensing 
lens 
is shown 
relaying 
an 
image 
from 
the 
source 
to the receiver. 
The source 
is located 
a distance, 
dS' 


from 
the lens and the 
real image is located 
at a distance, 


dR' 
which 
is related 
to the focal length 
of the lens. Thus, 


the 
relationship 
of 
dS' 
dR' 
f is called 
the 
basic 
lens 


equation. 


This relay lens system is focused 
when the receiver is placed 


at the distance, 
dR, [from 
Equation 
(10) when fand 
dS are 


known] 
from the lens. 


Under 
the focused 
condition, 
the image 
of the source 
(at 
the 
plane 
of the 
receiver) 
is magnified. 
The 
degree 
of 


magnification, 
m, is equal 
to the ratio 
of dR to ds. 


dR 
m ;-- 
111) 
dS 


m2; 
AS,M 
(12) 


AS 


AS,M ; Source 
Image (Source Magnified) 


AS 
; Source Area 


Figure 5. 
Focused 
Emitter 
Detector 
System 
Using a 
Double Convex 
Lens. 


Using 
Equations 
(10) and (II), 
the magnification 
can be 
represented 
in terms 
of the focal length 
and source 
to lens 
distance, 
ds. 


AS M = m2 AS =(_t_)2 -AS 


, 
dS - f 


When the source-lens 
distance, 
dS' is twice the focal length, 


f, the image will appear 
at dR = 2f on the other side of the 


lens. 
Under 
a 2f focused 
condition, 
the area of the image 


AS.M' 
is equal 
to the 
area 
of the 
source 
As. 
This 
con- 


figuration 
is termed 
a I: I magnification 
or 2f system. 


Lenses 
also have 
relative 
aperture 
qualities. 
The 
relative 
aperture 
may 
be specified 
as either 
a numerical 
aperture, 
N.A., 
or as an f-number, 
fl. The f·number 
is equal 
to the 


ratio 
of the focal 
length 
to the 
diameter 
of the lens. The 


f·number 
and 
the numerical 
aperture 
are inversely 
related, 
such 
that 
a smaller 
f-number 
will result 
in a proportion- 


ately larger 
N.A. 


In Figure 
5, the effective 
diameter 
of the lens is DL, and 
relative 
to this, 
the numerical 
aperture 
is approximately 


DL 2ds as in Equation 
(7). Comparing 
the definitions 
of 


fino 
and N.A.: 


N.A."" 
DL 
2dS 
DL 


fIno = 2~.A.(d:) 


When ds = f, the source is focused 
at infinity, 
making 
N.A. = 
I 2(f/ no); when ds < f, there is no real image, buta virtual 
image 
of the source 
lying on the same side of the lens, and 
the lens is less effective 
in improving 
the coupling. 


Lens Coupling 


The 
amount 
of 
flux 
coupled 
into 
the 
lens is dependent 
upon 
the 
numerical 
aperture 
of 
the 
lens 
and 
the 
exit 


aperture 
of the source. 
When a focused 
lens system 
is con- 


sidered 
such 
as that 
shown 
in Figure 
5, the 
flux 
that 


arrives 
at the 
received 
image point 
is equal to the ratio of 


the square 
of the numerical 
aperture 
of the lens divided by 
the square 
of the exit numerical 
aperture 
of the source, 
this 


total 
times 
the 
transmittance, 
T, 
of 
the 
lens. 
Thus, 
the 
lensed OTF is equal to: 


OTF 
=~ 
= [N.A.L] 
~ 
T 
rfJs 
N.A.S 


rfJR 


OTF =-= 


rfJs 


Detector 
Area AD = .1 mm2 


Lambertian 
Source 
AS = .1 mm2, rfJS= 100llW 


Lens Numerical 
Aperture 
N.A'L = .5 
Lens Focal Length, t = 5 mm 
Lens Transmittance, 
T = .95 


Lens to Source Distance, 
dS = 20 mm 
Lens to Receiver Distance, 
dR = 6.67 mm 


Using 
Equation 
(15). 
the 
flux 
at 
the 
recei ve r wi II be: 


rfJR 
rfJSN.A.L2• 
T 
(17) 


rfJR 
100llW (.5)2 •. 95 


rfJR 
23.751lW 


The received 
area is determined 
by Equation 
(12). 


AS,M 
= (_f 
)2 
_ AS 


dS-f 


(5mm 
r 


(18) 


AS,M 
- .1 mm2 
.011 mm2 


20 mm-5 
mm 


Thus, 
into an area of .0 I I mm2, 
a flux of 23 .751lW 
is con- 
centrated. 
Using 
the 
basic 
lens 
equation, 
(10), 
the 


received 
image lies 6.7 mm from the lens. If a photodiode 


with 
an area, 
AD' 
were 
placed 
at this distance, 
dR' 
the 


fraction 
of this flux that couples 
the detector 
is the ratio 
of 
AD to AS.M 
if the detector 
area 
lies entirely 
within 
the 


source 
image 
area. 
In general, 
this fraction 
is the ratio 
of 
that portion 
of the source 
image that overlaps 
the receiver, 


divided 
by 
the 
total 
source 
image 
area, 
and 
therefore 


cannot 
exceed 
unity, 
even 
when 
the detector 
area 
AD is 


much 
larger 
than 
the source 
image area, 
AS.M' 


When a lens coupling 
is compared 
with non-lens 
coupling, 


the improvement 
is described 
by: 


• 


Thus, 
this 
simple 
example 
using 
a 
lens 
improves 
the 
coupling 
gain by 37dB. 


Reflector 
Fundamentals 


Sensor 
applications, 
such as bar code scanning, 
paper edge 
detection, 
and 
optical 
tachometry, 
use 
the 
reflective 
properties 
of the object 
or element 
that they sense. 


The 
reflection 
of the incident 
flux may either 
be specular 
or diffuse. 
A specular 
reflector 
is one where the angle of the 
reflected 
ray of flux 
is equal 
to the incident 
ray of flux. 


Thus, 
if a ray of flux was incident 
to the reflector 
at 20° 


from the normal, 
the reflected 
ray would 
also be 20° from 
the 
normal 
and 
40° 
from 
the 
incident. 
A first 
surface 
mirror 
or a highly 
polished 
code 
wheel 
are examples 
of 


specular 
reflectors. 
They 
are 
characterized 
as 
having 
reflection 
coefficients, 
p, 
of 
almost 
unity. 
It 
has 
a 
numerical 
aperture, 
N.A.R_S, 
equal 
to the 
N.A. 
of the 


source 
that is incident 
upon it. The reflected 
flux would be 
equal 
to incident 
flux times the reflection 
coefficient. 


2 
N.A·L 
¢IN 
2 .p; 
where N.A·RS = N.A·L 
N.A.R•S 


The 
reflection 
coefficient 
is assumed 
to be constant 
over 
the 
wavelengths 
of interest. 
If this is not true, 
then a cor- 
rection 
coefficient, 
kp(X) 
must be introduced 
to correct 
for 
this spectral 
property. 


A perfectly 
diffuse 
reflector 
is characterized 
as having 
a 
Lambertian 
radiation 
pattern. 
The flux that is coupled 
from 
the reflector 
is equal to: 


2 
N.A. RECEIVER 


2· p 


N.A·REFLECTOR 


In 
typical 
applications, 
the 
numerical 
aperture 
of 
the 
receiver 
will be that 
of the receiving lens. Also, the N.A. of 


the diffuse 
surface 
is unity; therefore, 
Equation 
(21) can be 
rewritten 
as: 


Most reflectors 
are neither 
perfectly 
specular 
or diffuse, but 
a combination 
of the two. A typical 
diffuse 
reflector 
may 
appear more specular 
at one wavelength 
and more diffuse at 
another. 
Also, 
the 
angle 
of 
incidence 
may 
modify 
the 


reflection 
properties. 


It 
may 
be 
desirable 
in 
reflective 
sensor 
applications 
to 
compute 
the relative 
ratio 
of reflection 
between 
a specular 
and a diffuse reflector. 
Assuming both applications 
have the 
same ¢IN and the same receiving 
lens, and using Equations 


(20) and (21), this ratio 
becomes: 


¢OUT (SPECULAR) 


¢OUT (DIFFUSE) 


Thus, 
if the 
receiving 
lens had a N .A.L =.3, 
the effective 
gain of using a specular 
over a diffuse 
reflector 
would 
be 
I0.45dB. 


Confocal 
Coupling 


It was shown 
in the lens coupling 
section 
that the area of 
the source 
could 
be reduced 
or magnified 
through 
the use 


of a lens. 
The 
technique 
of reducing 
the 
image 
of the 
receiver 
and the source, 
such that they lie on the same plane 


located 
a distance 
between 
the source 
and sensor 
can be 
accomplished 
by 
using 
two 
confocally 
spaced 
pair 
of 
lenses. 


Figure 
6 shows two plano-convex 
lenses positioned 
sothat 
they 
are confocally 
focused. 
Using the coupling 
concept 
developed 
in the coupling 
fundamentals 
the overall 
OTF 
can be developed 
in the following 
steps. 


m.~ 
OTF-N.A.L12,TL1,TL2 


ds 
WHERE HAll· 
N.AoLZ' 


T L1 
T L2 
FOR 
A lAMBERTlAN 
SOURCE 


--~ 


-- 
..••... 
I~~dsLldsT.,~ dT--.1 


l, 
.--.-. 
lZ 


CONFOCAL 
SPACING 


Figure 6. Confocal 
Spaced 
Emitter 
Detector 
System 


Employing 
Two Plano Convex 
Lenses. 


entrance 
N.A.L,2 


• T LI 


¢L1 
-= 
------- 


¢S 
N.A'S 
2 


entrance 
N.A.L22 


exit N.A.L,2 


entrance 
N.A.L ,2 


exit N.A.S2 
entrance 
N.A.L22 


exit N.A.L,2 


The 
convenient 
fact about 
such a transfer 
function 
is that 
each element 
of the linear system can be evaluated 
and then 
the total function 
is the product 
of the individual 
terms. 


In a practical 
application, 
the exit 
N.A. of lens I and the 
entrance 
N.A. 
of lens 2 will be equal. 
If a Lambertian 


source 
were 
used 
in Equation 
(24), 
it would 
reduce 
to 
N.A.L1J 
T L1' These 
two conditions 
allow the following. 


The image size appearing 
equidistant 
between 
the two lens 


surfaces 
is 
determined 
by 
the 
magnification 
factor, 
m = dsL! ds. 
Thus, 
a large 
source 
and 
receiver 
can 
be 
focused 
down 
to 
a point 
in space, 
and when 
confocally 


coupled, 
the 
imaged 
source-receiver 
area can become 
the 
interruption 
point for a hole edge, or paper edge sensor. 


Lens Reflective 
Coupling 


If one of the lenses of a confocally 
cou pled lens system were 
placed 
adjacent 
to the 
other 
lens 
element 
and 
skewed 


so that the two images 
in front 
of the lenses intersected, 
a 
lensed 
reflective 
sensor 
would 
result. 
This 
is shown 
in 
Figure 
7. 


Figure 7. Reflective 
Coupling 
Employing 
Confocally 


Spaced 
Lenses. 


Every 
mechanical 
system 
has alignment 
tolerances 
which 
may 
allow 
the 
two images 
at the 
focused 
point 
to move 
with 
respect 
to one another 
so that 
the area of the source 
and receiver 
images do not totally 
overlap. The ratio of the 
image overlap is termed 
the overlap fraction, 
OF. 


( 


AREA 
OF SOURCE 
IMAGE) 
WHICH IS OVERLAPPED 
BY RECEIVER 
IMAGE 


( 
TOTAL 
AREA OF) 
SOURCE 
IMAGE 


This fraction 
can vary from zero to unity. 
When it is zero, 
no coupling 
occurs and at unity, 
maximum 
coupling 
results. 
If the receiver 
image 
overlaps 
the entire 
source 
image, 
the 
a.F. 
will have its maximum 
value of unity. 
Havinga 
larger 
receiver 
image 
provides 
a 
more 
consistent 
a.F. 
by 
reducing 
variability 
due to alignment 
difficulty. 


The amount 
of flux coupling 
would be dependent 
upon the 


type 
and reflectance 
of the 
reflector 
placed 
at the image 
intersection, 
as well as on the N.A.'s 
of the lenses. 


Using Equations 
(26) or (27), along 
with (22), and (28), the 
optical 
transfer 
function 
for 
a diffuse 
reflector 
can 
be 


determined. 


where 
PD = reflection 
coefficient 
of a diffuse 
reflector 
and 
other 
terms are as defined 
in Figure 
28. 


In a similar manner, 
the aTF 
for the specular 
reflector 
may 
be determined. 


The 
conclusions 
to 
be 
drawn 
here 
are 
that 
a specular 


reflector 
will provide 
a much larger received flux. However, 


it suffers 
from 
a coupling 
problem 
where 
a movement 
of 
the 
normal 
of 
the 
reflecting 
plane, 
with 
respect 
to 
the 
normal 
of the 
confocally 
spaced 
lens system, 
causes 
the 
incident 
flux upon 
the reflector 
to be reflected 
outside 
of 


the aperture 
of the receiving 
lens. This is shown 
in Figure 
8. 


r' 
21/l+Q) 


SOLID' 
REFLECTOR 
SKEWED 
TO SENSOR 


DASHED' 
REFLECTOR 
NORMAL 
TO SENSOR 


Figure 8. Positioning 
Sensitivity 
Caused by the Use of a 


Specular 
Reflecting 
Surface. 


HEDS·1000 
Reflective 
Coupling 


Many 
of 
the 
alignment 
problems 
found 
in discrete 
con- 
focally 
spaced 
reflective 
sensor 
systems 
can be eliminated 
with 
the use of the 
HEDS-IOOO High Resolution 
Optical 
Reflective 
Sensor. Tnis sensor includes 
a source and receiver 
focused 
with 
2f optics. 
The 
optics 
system 
is a bifurcated 
aspheric 
lens with 
an effective 
numerical 
aperture 
of .3. 


These elements 
are housed 
in a TO-5 
package 
with a glass 
window 
which 
is shown 
in Figure 
9. 
I 


In the 
data 
sheet, 
radiant 
flux, 
!/Je' is specified 
as the flux 


coupled 
by the source lens to the image. This means that to 
develop 
the 
optical 
transfer 
function, 
only 
the 
receiving 


lens OTF need be described. 
The OTF for the HEDS-IOOO 


and a diffuse 
reflector 
will appear 
very similar to that of a 
single lens system 
with the addition 
of the transmittance 
of 


the glass window, 
TG' and the OTF of the reflector. 


The 
HEDS-IOOO 
receiver 
area 
AR 
is .160mm2, 
and the 
source 
area AS is .023 mm2. The ratio of AR/ AS is greater 


than 
one 
which 
means 
that 
for 
focused 
operation, 
the 
overlap fraction 
O.F. is equal to one. 


The 
following 
example 
shows 
the 
expected 
flux 
at the 


receiver photodiode 
from a diffuse reflector. 


Total OTF for HEDS-1000 
Using Step 1 
and Equation 
(31). 


If a specular 
reflector 
were used, 
the 
flux at the receiver 
would 
be the product 
of the transmittance 
of the glass and 


lens, 
the 
overlap 
fraction, 
O.F., 
and the reflectance 
of the 


specular 
reflector 
PS' This is shown in Equation 
(33). 


!/JRECEIVER = ¢REFLECTOR(T 
L)(T G)(O.F.)(PS) 
(33) 


Ps 
= .95 


¢RECEIVER 
= 9pW (.8) (.9)(1)(.95) 
= 6.16pW 


Through 
the use of the numerical 
aperture 
of the receiver 
lens, 
it 
is 
possible 
to 
determine 
the 
Optical 
Transfer 


Function, 
and using this OTF, the radiant 
flux that appears 
at the receiver 
surface. 
From 
the 
responsivity 
of the re- 
ceiver diode. 
the photocurrent 
can be estimated. 


Introduction 


Bar 
code 
scanning, 
paper 
edge 
sensing. 
and 
optical 
tachometry 
applications 
place 
specific 
requirements 
on 
optical 
resolution 
and electrical 
performance 
of a reflective 
sensor system. 


This 
section 
will describe 
the expected 
optical 
resolution 


and electrical 
performance 
of the HEDS-l 000 as the object 


being sensed 
is placed 
at a location 
other 
than 
the optical 


focus point. 


Modulation 
Transfer 
Function 


The 
optical 
resolution 
of a reflective 
sensor 
system 
is 


determined 
by the overlap 
area of the images focused at the 


reflector 
surface. 
This may be limited 
by either 
source 
or 


receiver 
image 
size. 
whichever 
is the 
smaller. 
Optical 
resolution 
of a reflective 
sensor 
system 
is defined 
as the 


ability 
to discriminate 
the reflection 
of closely spaced 
lines 


with 
unequal 
reflectances. 
Figure 
10 shows 
a series 
of 


reflectors 
and bars. and the response 
to this pattern 
as the 


imaged 
source 
and receiver. 
are moved 
laterally 
across 
the 
surface. 
The 
assumption 
is 
made 
that 
the 
reflector 


reflectance, 
PREFLECTOR. 
is 
much 
greater 
than 
the 


reflectance 
of 
the 
bar 
between 
the 
reflectors. 
The 
conclusion 
that can be drawn 
from this illustration 
is that 
the ability 
of the sensor 
to discriminate 
between 
reflectors 


spaced 
a distance. 
s. 
apart 
increases 
as 
the 
space. 
s. 


increases. 


WSW 


S2-1I4d 


PREFLECTOR» 
PBAR 


Figure 10. 
Resolution 
of an Optical 
Reflective 
Sensor 
System. 


s 
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Figure 
Ila. 
b shows 
a reflector 
object 
with a reflecting 
surface 
composed 
of equal 
width 
reflecting 
(white). 
and 


non-reflecting 
(black) 
lines. When a receiver 
with a circu- 
lar image with 
a diameter, 
d, is positioned 
over the reflec- 


tor so that 
the image area totally 
intersects 
the white line, 


a maximum 
or 100% peak reflected 
response 
will result. 


In a similar manner, 
when the image is positioned 
over the 
black 
line, a minimum 
or 0% peak 
reflected 
response 
will 


occur. 
The 
difference 
between 
maximum 
and 
minimum 


response 
specifies 
the 
peak 
amplitude 
response 
under 


these line width-image 
diameter 
conditions. 


If this 
scanning 
spot 
were scanned 
laterally 
across 
the 
black-white 
transition, 
the response 
would be a ramp with 


a slope (% RESPONSE/lateral 
distance) 
determined 
by the 


image 
diameter. 
This 
is shown 
in Figure 
12a. The 
50ci 


response 
point 
shown 
in Figure 
12b indicates 
that 
the 
image 
area 
is 
equally 
intersecting 
the 
black-white 
reflecting 
areas. 
If the 
lateral 
scanning 
were 
continued 


across 
the 
surface, 
the 
reflected 
response 
for 
Figure 


II a would 
be a trapezoidal 
wave form. 
This is shown 
in 


Figure 
II b. 


If an image is used to scan a black-white 
pattern 
where the 


line width 
is much 
smaller 
than 
the image diameter, 
the 


minimum 
to maximum 
response 
will be reduced 
from the 


response 
obtained 
when the line width 
is much larger than 


the image size. 


An 
example 
of 
this 
is 
shown 
in 
Figure 
13. A total 
0- 
100% response 
occurs 
for a W2 = 3 condition, 
while 


'~[_A A A_A A (_PEAKWHITE 
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Figure 11. 
a,b. 
Image Response 
for Equally Spaced 
White and Black Lines. 


'0'% - 
90% RESPONSE - IMAGE 
DIAMETER 


WHITE 
BLACK 
AREA 
AREA 


d 
TRANSITION 
EDGE 


LATERAL IMAGE MOVEMENT---' 
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a) 
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~RESPONSE 
FOR WI 


/' 
t 


MAX 
±l 


only 
a 33% minimum 
to maximum 
response 
is obtained 
when 
WI = I. 
Thus, 
as the 
line width 
gets smaller 
with 
respect 
to the image, the difference 
between 
the minimum 


and maximum 
is also reduced. 
When 
the performance 
at 
smaller 
line widths 
is compared 
to the 
performance 
for 
line widths 
resulting 
in 100% response, 
a modulation 
ratio 
is obtained. 
This ratio is shown in Equation(35) 
using data 
from 
Figure 
13. 


MAX-MIN 


MAX +MIN 


The modulation 
performance 
for different 
line pair widths 
for a fixed 
image 
size is called 
the 
Modulation 
Transfer 
Function, 
MTF, 
of the optical 
image system. 
The MTF is 
specified 
as 
a percent 
response 
at 
a particular 
spatial 
frequency. 
The 
spatial 
frequency, 
F, 
is defined 
as the 
number 
of equal 
width 
white-black 
line pairs per lateral 


distance. 
The 
common 
units 
for spatial 
frequency 
is line 
pairs 
per millimeter, 
In primm. 
The 
spatial 
frequency 
is 
determined 
by Equation 
(36). 


1 
F = In primm 
= 


2 line width 
(mm) 


....•~ 
\ 
I\. 


1\ 


'II'\. 


"\ 
"' ..•.•.. 


•.•.. 


........• 


•.... 


;;;;;;:: 


100 


90 


80 


70 


60 


50 


40 


30 


20 


10 


00 


Figure 14. Modulation 
Transfer 
Function 
of the 
HEDS-1000. 


Figure 
14 
shows 
the 
modulation 
transfer 
function, 


MTF, 
for 
the 
HEDS-IOOO. 
In 
applications 
such 
as bar 
code 
scanning 
and 
optical 
tachometry, 
the 
spatial 
frequency 
can 
be 
calculated 
with 
Equation 
36. 
If a 
black-white 
line 
pattern 
with 
a line 
width 
of .254 mm 
(.01 
in.) 
were 
to 
be 
scanned 
by 
the 
HEDS·IOOO, 
the 


performance 
can be determined 
through 
the use of Figure 


14 
and 
Equation 
(36). 
The 
spatial 
frequency 
is 


determined 
to be 1.97 In primm 
which 
results in an MTF 
response 
of 70%. 


The MTF performance 
indicates 
that 
when 
a line pattern 


is 
scanned 
by 
the 
HEDS-lOOO, 
the 
reflected 
flux 
is 
degraded 
from 
the amount 
of flux obtained 
from 
a non- 


patterned 
reflector. 
Thus, 
the 
MTF 
response 
becomes 
another 
elemen t 
to 
be 
added 
to 
the 
optical 
transfer 
function, 
OTF. 
as given in Equations 
(32) and (33). 


Depth of Field 


The optical 
transfer 
function, 
OTF. 
ofa reflective 
sensing 
system 
was presented 
in the Lens Reflective 
Coupling. 
and 


the 
HEDS-IOOO 
Reflective 
Coupling 
Sections. 
In each 
case, the assumption 
was that the source 
and the received 


image 
were 
focused 
on 
the 
same 
plane. 
In 
most 
applications. 
the mechanical 
alignment 
of the sensor to the 
reflecting 
element 
will not be at the fixed focused 
point. 


As the reflecting 
object 
moves away from the focus point, 
the 
image 
will 
become 
defocused 
resulting 
in a blurred 


image. 
In a reflective 
sensor 
system, 
the 
defocusing 
will 
occur 
for both 
the source 
and received 
image. The ratio of 


the 
intersection 
of 
the 
two 
image 
areas 
determines 
an 


overlap 
fraction. 
O.F .. As the 
system 
is defocused. 
the 
overlap. 
O.F .. decreases. 


The defocused coupling response versus reflector distance 
is referred 
to as the depth 
of field, 
AQ. 
Figure 
18 
shows the relative response versus reflector distance. One 
will note an assymetrical response on either side of the 
maximum signal point. There is a much sharper % Ip (AQ) 
response roll-off for the distance between the reference 
plane to the maximum signal point, MSP, than from the 
MSP, to distances further away. This is due to the fact 
that the amount of blurring on the near side of the MSP is 
less than that on the far side. This is shown in Figure 
15. The blurred image at 
AQ inside is smaller than the 
blurred image at 
AQ outside. When a reflective type of 
lensed system, as shown in Figure 9, is considered, the 
overlap fraction, O. F., is smaller at a AQ inside than that 
for the same 
AQ outside. 


The defocusing of the optical system also impacts the 
modulation transfer function. As the system is defocused, 
the image size will increase causing a redu<-tion in the 
MTF for a specified line pair per millimeter. 


HEDS-1000Total Transfer Function 


The optical transfer function 
for the HEDS-lOOO was 
developed 
in 
the 
HEDS-IOOO Reflective 
Coupling 
Section. This development 
specified the performance 
of 
the reflective sensor as a ratio offlux incident at the receiver 


<PR totheflux 
'Peincidentatthereflector,OTF= 
<PRj 
<Pe. 


The electrical designer needs to know the relationship of 
the current supplied to the emitter, 
IF, which produces a 
photocurrent, 
IPR in the detector. This relationship will be 
referred to as the sensor electrical transfer function or total 
transfer function. TTF. 


The TTF is the product of the optical transfer function, the 
flux from the emitter, 
<Pe, and the flux responsivity, R¢ , 


of the photodiode. 
This IS shown in Equation (37). 


1.6 


U 
1<> 
1.4 
N 
"~ 
1.2 
.•.. 


"'~ 
1.0 


.g. 
II 
(k) 
3; 
0.8 
~... 


~ ~ 
0.6 
:!N:~ 
:IEa: 


~ 
0.2 


The flux responsivity, R¢ ,of the photodiodeat 
700 nm is 


specified as .22Aj W. The flux responsivity, 
R ¢ , will be 
considered a constant throughout 
the calculations. 
The 
radiant flux, ¢e, from the source is dependent upon the 
current 
through 
the 
LED 
emitter. 
The 
K-factor 
relationship 
of the output 
flux, 
¢ e, to LED forward 
current, IF, is shown in Figure 17.Thisgraph isnormalized 
at 35mA and 25°C. Thus, the data sheet typical of 9p.W 
occurs at 35 mA and 25°C. 


The following example will illustrate how the TTF is used 
for a bar code scanner. 


IF = 45 mA 
¢e (35 mAl = 9p.W 
TA = 25°C 
Reflector = Lambertian,PD = .85 @ 700 nm 
BarWidth = .01",=0.254nm 
Depth of Field = AQ = .6 mm 
N.A·L = .3 
TG = .9 
TL 
.8 
R¢ = .22 A/W 


The 
first 
step 
is 
to 
evaluate 
the 
overlap 
fraction, 
O.F. (AQ) =% IpR (AQ), a function of the depth of field, AQ. 
From Figure 19,the%lpR 
( AQ )= 50%= .5. Thus, theO.F. 


is equal to .5. 


The second step is to determine the MTF response for a bar 
width of .254 mm, for a depth of field of .6 mm. Equation 
(36) is used to arriveatan 
F(APP)= 1.97 Inprj mm. Figure 


14 is used to determine the MTF (APP) of 70%. Thus, 
MTF (1.97 In pr j mm) is equal to 70%. I 


The third 
step is to determine 
the K-factor. 
This is can be 
found 
from 
Figure 
16. The K-factor 
for an IF = 45 mA is 
equal 
to 1.3 at 25° C. 


These 
values 
of 
O.F. 
( CoQ ), 
MTF(APP), 
and 
K are 
substituted 
into 
Equation 
(38) to determine 
the reflected 


photocurrent, 
IPRo 


IpR = .22AIW·.8·.9'(.312 
•. 85·.5·.7 
·9/lW·1.3 


The conclusion 
that can be drawn from this example 
is that 


there 
are 
many 
factors 
contributing 
to the 
total 
transfer 
function. 


HEDS·1000 
Logic Interfacing 


Optical 
sensing applications 
may be accomplished 
with the 
HEDS-IOOO 
High 
Resolution 
Reflective 
Optical 
Sensor. 


This device includes 
a 700 nm emitter, 
a bifurcated 
aspheric 


lens, and a photodetector. 
The cathode 
of the LED emitter 


and 
the 
substrate 
of 
the 
photodetector 
are 
electrically 


connected 
to the mechanical 
package. 
The 
photodetector 
may be interconnected 
as a discrete 
photodiode 
or a photo- 
diode-transistor 
amplifier. 


Photodiode 
Interconnection 


The 
photodiode, 
within 
the 
integrated 
photodetector, 
is 


isolated 
from the substrate-case 
by substrate 
diodes. 
These 
diodes 
appear 
from 
the 
common 
substrate-case 
to 
the 
transistor 
collector, 
and to the cathode 
of the photodiode. 


Figure 
17 shows 
recommended 
interconnection 
of the 
unused 
terminals 
of the sensor 
when discrete 
photodiode 


operation 
is desired. 
Care 
should 
be taken 
to ensure 
that 
these 
substrate 
diodes 
are always 
reverse 
biased 
so that 
they do not create 
a conductive 
path that may damage 
the 


substrate 
or other 
circuit 
elements. 


The 
photodiode 
behaves 
like a current 
source, 
such 
that 
when 
optical 
flux 
falls on 
the 
device, 
it will generate 
a 
photocurrent 
in 
relationship 
to 
its 
responsivity, 
Rd>' of 
approximately 
.22/lA//lW 
at 
700 nm. 
The 
total 
photo- 


current, 
Ip, generated 
by this photodiode 
is the summation 


of two 
currents, 
the 
reflected 
photocurrent, 
IpR, 
and a 


stray photocurrent, 
IpS' Thus, Ip = IpR + IpS' 


----, 
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Stray Photocurrent 
- Ips 


The stray photocurrent, 
IpS' results from flux falling on the 


detector 
from sources 
other 
than 
the reflector 
surface. 
The 


principle 
source 
of stray photocurrent 
is from the scattered 


flux 
of 
the 
LED 
emitter 
that 
is reflected 
within 
the 


mechanical 
package. 
Ambient 
light can also be a source 
of 
the 
stray 
photocurrent, 
but 
this 
source 
has been 
greatly 


minimized 
by the use of an optical 
long wave filter. 
This 
filter action 
is provided 
by the red coloration 
found in the 


bifurcated 
lens. 


IpR - 
IpS Ratio 


The 
magnitude 
of the 
stray 
photocurren 
t resulting 
from 


internal 
scattering 
is directly 
proportional 
to the 
forward 
current, 
IF' 
through 
the 
LED 
and 
the 
emitter 
relative 
efficiency. 
DC operation 
of 
the 
emitter 
will 
result 
in a 


steady 
state 
stray 
photocurren 
t that 
will 
range in direct 


relationship 
to 
the 
specifications 
and 
the 
worst 
case 
or 


typical 
value 
of 
Ip(MIN) 
and 
Ip(MAX) 
related 
to 
the 


stray 
photocurrent 
ratio, 
IpR/IpS' 
Tile 
photocurrent 


specified 
for the HEDS·IOOO is the total 
photocurrent, 
Ip, 


which 
is equal 
to the sum ofIpR 
and IpS' The ratio ofIpR 


to 
IpS 
is designated 
a quality 
or Q-factor 
of the 
sensor. 


Thus, 
as Q increases 
for a given Ip, the value of stray photo- 


current, 
IpS' decreases. 
A worst 
case analysis for IpS under 


the condition 
of minimum 
Q =4, and an LED current 
of 


35 mA 
results 
in 
an 
IpS (MIN) = 20 nA 
for 


Ip (MIN) = 100 nA, 
and 
IpS (MAX) = 50 nA 
for 


Ip (MAX) 250 nA. A typical 
value 
of Q = 6.5 would 
cause 


IpS to range from 13 nA to 33 nA. 


The 
quality 
factor, 
Q, relationship 
to Ip, IpS' 
and IpR is 
shown 
in Equation 
(39). 


Q 
= Quality 
Factor 
Ip 
= Total Photocu rrent 
IpR 
Reflected 
Photocurrent 
IpS 
= Stray Photocurrent 


Depth of Field With Respect to Maximum 
Signal Point 


Figure 
18 
shows 
that 
the 
100% 
maximum 
reflected 


photocurrent, 
IpR, response 
occurs at the location 
from the 


reference 
plane defined 
as the Maximum 
Signal Point, MSP. 


It also shows 
that 
the value of the reflected 
photocurrent 


IpR is reduced 
as the reflector 
is moved 
in either 
direction 
away from the maximum 
signal point. The HEDS-IOOO has 
a relatively 
symetrical 
response 
of IpR versus the distance, 


2, from the MSP. The depth of field of this optical 
system is 


defined 
as the distance, 
Co2, between 
two equal 
percentage 


response 
points 
on either 
side of the MSP. The 
50% IpR 


response 
is referred 
to as the depth 
of field full width half 


maximum, 
FWHM. The depth 
of field, CoQ, FWHM shown in 


Figure 
18 
is 
found 
to 
be 
1.2 
mm. 
Thus, 
if 
the 
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reflector 
were moved 
one half of the total FWHM distance, 


tlQ, from the MSP, the 50% IpR point would occur approxi- 
mately 
.6 mm 
on 
either 
side 
of the 
MSP location. 
The 
reflected 
photocurrent, 
IpR, response 
at a specific depth 
of 
field is referred 
to as the %lpR (tlQ). This value is always 
less than or equal to 100%. 


The specific 
value 
of the IPR is dependent 
upon 
the flux 
from the emitter 
and the type and reflection 
coefficient, 
p. 
of 
the 
reflector. 
The 
reflector 
fundamentals 
section 


presented 
the 
characteristics 
of 
the 
reflectors. 
and 


demonstrated 
that a specular 
reflecting 
surface 
offers and 


order 
of 
magnitude 
improvement 
in 
the 
reflecting 
photocurrent 
when compared 
to a diffuse 
surface. 


When a diffuse 
reflector 
is used, the expected 
value of the 


reflected 
photocurrent, 
at 
a 
specific 
depth 
of 
field, 


IpR (tlQ), is the product 
of the percent 
response 
of IpR at 


the depth 
of field %lpR (tlQ), the reflection 
coefficient, 
P, 
of the 
reflector, 
the 
total 
photocurren 
t measured 
at the 
MSP from 
a diffuse 
reflector 
at 
a specific 
LED 
current 


Ip (I F)' and the quality 
ratio Q/Q + I. This relationship 
is 


shown 
in Equation 
(40). 


When a specular 
reflector 
is used, an additional 
coefficient 
is introduced. 
The HEDS-lOOO IpR 
performance 
is speci- 


fied for a diffuse reflector; 
thus, when a specular 
reflector 
is 
used, 
an 
improvement 
factor 
dictated 
by 
Equation 


(23) 
is obtained. 
This 
factor 
indicates 
the 
IpR improve- 


ment, 
for Ps = PD' is inverse 
of the lens numerical 
aperture 


squared. 
The IPR( tlQ ) responsefor 
a specular 
reflector 
is 
shown 
in Equation 
(41). 


(41) 
IpR(tlQ) 
= %lpR(tlQ). 
p. IpO F) • 0/(0 + 1)· 
1/N.A·L 
2 


The 
expected 
value of IpR (tlQ) using a diffuse 
reflector 
with a relector 
having 
a reflectance 
of 75%. a total depth 
of 
field of 1.2 mm (.6 mmeach 
way),and 
LED emitter 
current 


of 35 mA. and quality 
factor 
Q = 6.5, can be deter- 
mined 


from Equation 
(40). Thedepth 
offield 
of 1.2 mm isequalto 
a 5lpR ( tlQ )of50%.and 
typicallp(35 
mA= 
l40nA. 
The 


IpR ( tlQ ) under 
these conditions 
is equal 
to 45.5 nA. lfa 
specularreflectorwereused.anlpR( 
tlQ )=506NAwould 


be found 
from 
Equation 
(41). for 
.A.l 
= 0.3. 


These two equations 
are useful in determining 
the expected 


range 
of IpR 
for 
a given 
reflector 
and a depth 
of field. 


These two system 
elements 
are very important 
in bar code 
scanning 
and paper edge sensing where the type of reflector 


and specific 
depth 
of field are variables. 


Amplifier 
Considerations 


Each sensor application 
will generally 
specify 
the electrical 


interface 
required 
and 
the range of the types 
of reflectors 


which will be utilized. 
The magnitude 
of the photocurrent 


generated 
by the photodiode 
is normally 
too small to inter- 


face directly 
to a logic gate. This condition 
indicates 
that an 


amplifier 
is needed. 
The 
amplifier 
electrical 
performance 


parameters, 
such as current 
and voltage 
gain, and the type 
of coupling 
are determined 
by the logic family 
to be inter- 


faced, 
the application, 
and the magnitude 
of the reflected 


photocurrent. 


Applications 
using 
specular 
reflectors 
include 
tachometry 


and optical 
limit sensing, while diffuse 
reflectors 
are more 


generally 
found 
in paper edge sensing and bar code reading. 


An 
ac coupled 
amplifier 
is acceptable 
in tachometry 
and 


bar code 
reading, 
while 
a dc coupled 
amplifier 
is required 


for steady 
state applications 
such as paper edge sensing and 
optical limit sensing. 


The 
relationship 
of 
the 
reflected 
photocurrent, 
IpR, 
to 
stray photocurrent, 
IpS' has a large effect 
on the type of dc 


amplifier 
design selected. 
The initial step in amplifier 
design 


is to 
determine 
the 
worst 
case 
magnitude 
of the 
stray 


photocurrent, 
IpS' 
It is this worst 
case value 
of IpS that 


becomes 
the input 
quiescent 
bias current, 
which 
sets the 


threshold 
for the dc amplifier 
output 
voltage. 


Transresistance 
- TTL Interface 


A very common 
dc amplifier 
used with photodiodes 
is the 
transresistance 
type 
of 
amplifier. 
The 
simplest 
form 
is 
shown 
in 
Figure 
15.4.1·1. 
The 
circuit 
configuration 


described 
by the electrical 
transfer 
function, 
V0 = -lpRF, 
is 
often 
called a current 
to voltage 
converter. 
A single power 
supply 
transresistance 
amplifier 
is shown 
in Figure 
20 


Here the 
photodiode 
is connected 
to the inverting 
input, 
and an offset 
voltage derived 
from Vcc is determined 
by a 


resistive 
voltage 
divider, 
I + R2/RI 
and is applied 
to the 


non-inverting 
input. 
The electrical 
transfer 
function 
is: 


Vcc 
V 
= --- 
-I 
R 
o 
1 + R IR 
P 
F 
2 
1 


where 
Ip = IpR + IpS 
I 
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Figure 19. Photodiode 
Transresistance 
Amplifier 
with 
Offset Voltage. 


Equation 
(43) 
indicates 
that 
under 
the 
condition 
of 


zero 
reflected 
photocurrent, 
IpR =0, the 
output 
voltage, 


V0' will be the offset 
voltage less the voltage developed 
by 
the stray 
photocurrent, 
IpS' times the transresistance, 
RF. 


Thus, the relationship 
for IpR = 0 is: 


When 
the 
transresistance 
amplifier 
shown 
in Figure 
19 
is used 
to interface 
the photodiode 
to a TTL logic device, 


the output 
voltage, V0' of the amplifier 
must change from a 
logic high, VIH, 
of 2.0V 
to a logic low, VIL, of .8V. To 


improve 
the noise immunity 
of the interface, 
it is desirable 


to broaden 
the range of VIH to VIL to 2AV and AV. The 


offset 
voltage 
and the value of the transresistance 
resistor, 


RF, 
is selected 
to insure 
that 
the maximum 
value of stray 
photocurrent, 
IpS (MAX) = 50 nA, 
does 
not 
cause 
the 


output 
voltage, 
Yo' 
to 
(all below 
VIH of 2AV, and 
the 
minimum 
total 
photocurrent, 
IpCMIN) = 100 nA, will cause 


the Vo to be equal to a VIL = AV. 


It 
is 
very 
unlikely 
that 
an 
IpS (MAX) 50 nA 
and 
Ip (MIN) = 100 nA 
will occur 
simultaneously 
for 
a single 
device. A device that has an IpS (MAX) of 50 nA would also 
have an IpCMIN) of 250 nA. In a similar manner, 
a device 
that has an 1pCMIN) of 100 nA would 
most likely have an 
IpS (MAX) of 20 nA. 


Figure 
20 
shows 
the 
graphic 
construction 
of 
the 


electrical 
transfer 
function 
for 
Equation 
(42). 
The 


interface 
conditions 
of 
[IpS (MAX)' 
VIHl 
and 
[Ip(MIN)' 
VILl 
describe 
a 
line 
whose 
y 
intercept 
dictates 
the 
offset 
voltage, 
Voffset' 
and 
whose 
slope 
determines 
the 
transresistance, 
RF. 
Using 
Equations 


(44) 
and 
(45), 
the 
offset 
voltage, 
Voffset' 
and 
the 
transresistance 
can be determined. 
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Figure 20. 
Graphical 
Solution 
of Transresistance 
Amplifier 
Design. 


VIL IpS (MAX) - VIH Ip (MIN) 


IpS (MAX) - 
Ip (MIN) 


VIH-VIL 


IpS (MAX) - 
Ip (MIN) 


The value 
of Voffset 
and RF which 
satisfy 
the TTL inter· 


face 
conditions 
can 
be 
determined 
from 
Equations 


(44) 
and 
(45). 
For 
the 
example, 
Voffset 
= 
4AV, 


and RF = 40 Mn. 


This 
example 
of 
photodiode·logic 
interfaces 
places 


parametric 
demands 
on 
the 
instrumentation 
operational 
amplifier 
selected. 
This amplifier 
should 
have a very low 


input 
offset 
current, 
thus allowing sensing of Ip at very low 


levels. It should 
have a gain greater 
than 
that 
required 
for 


the 
interface. 
For example, 
the required 
current 
gain for 


the photodiode-TTL 
amplifier 
is approximately 
85dB; thus, 


an amplifier 
with 
an open 
loop 
gain of 
100dB 
would 
be 


desirable. 
The 
slew rate of a transresistance 
amplifier 
may 


be slower than that required 
for TTL logic interconnection; 


thus, 
it may be necessary 
to specify 
a Schmitt 
trigger gate 


as the interconnecting 
logic element. 


CMOS Interface 


The internal 
transistor 
of the HEDS·1000 
may also be used 


as a gain element 
in a single or multiple 
stage amplifier. 


Figure 
21 
shows 
an 
example 
of 
interconnecting 
the 


photo diode 
to 
a CMOS 
buffer 
gate, 
CD4049, 
using 
the 


internal 
transistor 
as a gain element. 


It was shown 
previously 
that 
the value of IpS and Ip can 


vary 
from 
unit 
to 
unit 
under 
similar 
conditions 
of IF' 


reflector 
type 
and distance, 
Q. There will also be variations 


of the hFE of the transistor 
from unit 
to unit. The design 


of the photodiode-transistor 
amplifier 
to CMOS logic gate 
must 
take into consideration 
the variations 
of IpS' Ip, and 


hFE 
when 
a direct 
coupled 
interconnection 
is desired. 
Figure 
21 presents 
a design 
for an HEDS-IOOO 
CMOS 
interface. 
The first step is to calculate 
the worst case stray 


photocurrent, 
IpS (MAX)' 
The 
IpS (MAX) 
becomes 
the 


transistor 
base 
current 
which, 
when 
muftiplied 
by 
the 


hFE(MAX)' 
will determine 
the maximum 
collector 
current 
resulting 
from 
stray 
photocurrent. 
It is a requirement 
of 
this 
circuit 
that 
the 
collector 
current 
resulting 
from 


Ip (MAX) 
does 
not 
cause 
the collector 
output 
voltage 
to 
falf below 
the input 
logic high level, V!H' 
of 4 volts. Thus, 
the maximum 
value of the load resistor is selected based on 


the IpS (MAX) and hFE (MAX) of the sensor. 


IF 
= 
35 mA 
Ip 
= MIN 
= 100 nA, MAX 
= 250 nA 


hFE 
'" MIN· 
laO, 
MAX 
= 300 


[ 


I_R 
] 
20 nA MIN 
I 
= °fMIN) 
• 4:. 
IpS'" 
50 nA MAX 


PS 
(MIN) 


It is desirable 
in this type of interface 
to have at least a two 


to one difference 
between 
the IpS (MAX) and the Ip (MIN)' 
Such 
a stipulation 
will place 
constraints 
on 
the type 
of 
reflector, 
the 
depth 
of 
field, 
and 
the 
allowable 
spread 
between 
hFE(MIN) 
to hFE(MAX). 
Equations 
(40) and (41) 
are 
used 
to 
calculate 
the 
Ip 
(D.Q) 
for 
worst 
case 
conditions 
of Ip (MIN) when a depth 
of field of 1.2 mm is 
desired. 
Thus, 
a diffuse 
reflector 
would 
cause 
37.5 nA 
Ip (MIN) 
and 
a 
specular 
reflector 
would 
result 
in 
an 


Ip (MIN) 
of 
416 nA. 
Using 
the 
criteria 
of 
Ip(~Q)/rpS(MAX) 
;;;. 
2 [where 
Ip(~Q) 
is evaluated 
for 
Ip (MIN)J 
indicates 
that a reflector 
with specular 
properties 
should lie used. 


The next step is to determine 
the minimum 
value of RL for 
the minimum 
value of Ip (~Q) and hFE (MIN) which causes 
the transistor 
collector 
voltage 
to fall below fhe VIL of the 
CMOS gate. 


This 
worst 
case 
analysis 
of 
Table 
I 
indicates 
that 
there 
is a very narrow 
range between 
the 
RL (MAX) 
and 


RL (MIN)' 
If a smaller depth 
of field 
~Q were selectea, 
the 
range would be larger, thus giving a greater design margin. 


Ip(MAXI 


QMIN + 1 


IpR (MINI 


IpS (MAX) 


Step 3. 
Minimum Photocurrent from Specular Reflector 
at ~Q = 1.2 mm 


[ 


N.A'(SURFACEI] 
2 


%Ip (~QI 
• p • Ip 
------ 
N.A. (LENSI 


.5 •. 75 • 100 nA [.:] 
2 
= 416 nA 


p 
= 75% 


N.A.(SURFACEI 


N.A'(LENSI 
= .3 


Vcc - VIL 


hFE (MINI' 
Ip (~Q) 


5.0 - 2.25 


100 x 416 nA 


Current FeedbackAmplifier 


Another 
common 
design problem 
is to interface 
the photo- 


diode-transistor 
amplifier 
to a differential 
comparator 
such 
as the LM311 
family. 
Here 
the design goals are similar 
to 
those 
specified 
in 
Figure 
21 
but 
an 
even 
greater I 


degree of output 
voltage, V0' stability 
is desired. By using a 


simple current 
feedback 
amplifier 
such as the one shown in 
Figure 
22, 
the 
variations 
of Yo caused 
by ~ hFF and 
~lpS 
will be minimized. 
In this amplifier 
design, the trade- 
offs 
are 
between 
voltage/current 
gain, 
stability, 
and 
amplifier 
speed. As the ratio of RF to RL approaches 
unity, 
the V 0 stability 
improves, 
but there 
is a loss in signal gain. 


The 
difference 
between 
the 
IpS and Ip (~Q) will specify 
a 
current 
that will cause a change in the output 
voltage, Vo' 


When 
a larger 
swing in V 0 is desired, 
the value 
of RL is 
increased, 
such that 
~V 0 cx(Ip - 
IpS) RL· However, 
as RL 
increases, 
the speed of the circuit 
decreases. 
Tables 
2 and 3 


show 
a design 
example 
using an RL = lOOk, RF = 10Mn. 


In 
Figure 
22, 
the 
differential 
comparator 
threshold 
is 
set 
by 
the 
resistor 
ratio 
R I, R2 
and 
should 
be 
equal 
to 1.25Y. This is below the minimum 
quiescent, 
Yo, 


of 
1.3V 
caused 
by 
the 
variations 
of hFE 
and 
IpS' 
The 


change 
of the quiescent 
voltage caused 
by the variation 
of 
hFE 
can 
be calculated 
through 
the 
use of the 
stability 
factor 
defined 
as s". This factor 
is the incremental 
change 
of Ie caused by an incremental 
change in hFE. Specifically, 


5,,=(2) 
~hFE 
Ip = 0 


The V 0 stability 
is improved 
as the value of s" is reduced. 
The 
incremental 
V0 change 
of the circuit 
shown 
in Figure 
22 can be calculated 
from the following 
relationship: 


v" 


If 
~ 


RL 
R, 
1k 
lOOk 


~ 


RF 


R2 


-= 
-= 
-= 


Figure 22. 
Current 
Feedback 
Amplifier 
Interface 
to an 


Analog Comparator. 


+ VSE 0 + 


(h::RL) 
+ 
(1 
+ 
h:E) 


(RL + RFI 
(Vcc 
- VSEI 


(RF + RL + RL hFEl2 


Table 3 Practical 
Example of a Current 
Feedback 
Amplifier 
Design. 


hFE = 100 


2.60V 


1.1 x 10.7 


hFE = :ll0 


1.39V 


The 
s" 
parameter 
is important 
in dc coupled 
amplifier 


circuits 
because 
the change 
in V 0 caused by the ~hFE 
may 


result 
in 
the 
succeeding 
gain 
stages 
being 
driven 
into 


saturation. 


Current-Voltage 
Feedback 
Amplifier 


When 
even 
greater 
output 
voltage 
stability 
is desired, 
a 
modified 
current-voltage 
feedback 
amplifier 
may 
be 


necessary. 
This bias approach 
uses RF and RN as shown in 
Figure 
23, 
to 
force 
a 
YB 
which 
sets 
Ie 
to 
a 
level 
dettrmined 
by 
VB/RE' 
This 
circuit 
can 
offer 
an s" ten 
times 
better 
than 
the 
current 
beedback 
amplifier. 
The 
design is such that an hFE variation 
of 100 - 300 will cause 


a 0.3Y change 
in Yo in the current-voltage 
feedback 
con- 
figuration. 
while this same ~hFE for Figure 
22 will cause a 


1.2Y change. 


The design example 
given in Table4sets 
the Voat2.5Vand 


offers 
an s" of 7.5 x 10-9 The 
output 
voltage 
Vo will be 
reduced 
from a design center 
of 2.5V to a worst case (V 0-- 


s" Ll.hFE RLl = 2.25V. This implies that the threshold 
of the 
comparator 
should 
be set to a level of 1.55V. Thisamplifier 
offers a transresistance 
of 8 Mn which means for a 100 nA 
Ip (Ll.Q), 
the output 
voltage 
Vo will fall to 1.5V which is a 
sufficient 
differential 
to cause the LM311 outputtochange 
logic states. 


Table 4. Design Equations 
for the Current-Voltage 
Feedback 
Amplifier. 


Step 3. 
Select RN 
Given: 
IN 


VE +VSE 
.5 +.6 
RN 
14.6Mn 
"" 
15Mn 
IN 
75 nA 


2.5 -.5 
- .6 


75 nA + 50 nA 


[ 
( 
RF+RL)l 
VCC-VSE 
1+ 
~ 
IJ(9+1l 


RF [1+(1+hFE)9j2 


LSTT L Interface 


The 
previous 
circuits 
dealt 
with 
CMOS 
and 
comparator 


type 
interfaces. 
Figure 
24 
shows 
a 
two 
transistor 
amplifier 
to LSTTL 
interface. 
This circuit 
can either 
be ac 
or dc coupled, 
only 
the direct 
coupled 
configuration 
wil1 
be 
presented. 
The 
design 
approach 
is similar 
to 
that 
of 
Figure 
21 with the additional 
analysis 
of the second 
stage. 


Figure 24. 
DC Coupled 
HEDS-1000 
to LSTTL Interface. 


The 
first 
transistor, 
Q], is biased 
by the photodiode 
in a I:: 


common 
emitter 
configuration. 
Under 
the 
conditions 
of 


IpS (MAX)' 
the collector 
of Q I is pulled up to within 
.5V 
of 
Vcc' 
(hus 
insuring 
that 
Q2 
is not 
conduct mg. This 


condition 
sets the maximum 
value of R] . When a reflected 


photocurrent 
is present, 
the resulting 
Ie of Ql is the com· 
bination 
of current 
through 
RI and the IB ofQ2. 
Thus, Rl 
must be large enough 
that 
the current 
sinking capability 
of 
Ql 
(dictated 
by hFE and Ip) will result in sufficient 
IB in 
Q2 to cause Q2 to saturate. 


In the absence 
of reflected 
photocurrent, 
both 
Ql 
and Q2 
are 
normally 
off. Under 
this condition, 
the load 
resistor, 
R2, must be able to sink the IlL of the LSTTL gate at the 
desired VIL. To satisfy the desired logic condition, 
R2 must 
be 
less 
than 
VIL/IIL. 
The 
minimum 
value 
of 
R2 
is 
determined 
by the current 
sourcing 
capability 
of Q2 pro- 
duced 
by lB. The collector 
current 
of Q2 must generate 
a 
voltage drop 
across R2 greater 
than 
the VIH Qf the gate. It 
is 
recommended 
that 
a 
high 
gain, 
low 
leakage 
PNP 
transistor, 
such as a 2N3906, 
be selected 
for Q2. 


The 
rate 
at which 
the 
output 
voltage 
of Q2 
changes 
is 
directly 
related 
to the speed at which the reflecting 
surface 
is moving 
into the reflection 
plane of the sensor. 
In many 
applications, 
the 
rate 
of 
change 
of 
V0 
through 
the 
switching 
region of the LS gate is so slow that it may cause 
logic level chatter 
at the output 
of the gate. If this chatter 
is 
observed, 
it is recommended 
that 
a Schmitt 
trigger 
gate, 


such as the 74LSl4, 
be used. 


REFLECTIVE 
SENSOR 
APPLICATIONS 


Rotary 
Tachometry 


A 
reflective 
sensor 
can 
be 
used 
as the 
trans"ucer 
to 
determine 
the rotary 
speed 
of a motor 
shaft. This can be 
accomplished 
by 
utilizing 
a 
disc 
with 
equally 
spaced 


reflective 
and 
non-reflective 
lines 
placed 
around 
the 
cir- 
cumference 
of 
the 
disc. 
The 
number 
of 
line 
pairs 
per 
revolution 
will 
then 
give 
a 
specific 
pulse 
count 
per 
revolution. 
In many applications, 
it is desired to have a very 
high density 
of line pairs around 
the perimeter 
of a small 
diameter 
disc. The 
performance 
of the reflective 
sensor is 
determined 
by the MTF for the spatial frequency, 
F, of line 
pairs 
on 
the 
disc. 
The 
spatial 
frequency 
for 
a disc 
is 
determined 
by Equation 
(48). 


lines/rev. 


4rrr 


Using 
Figure 
25, 
the 
spatial 
frequency 
can 
be deter- 
mined 
assuming 
the 
radius 
is to the center 
point 
of the 


line pattern. 
Given 
the 
radius, 
r = 10 mm, 
and 220 lines/ 


revolution, 
a 
spatial 
frequency 
of 
1.75 
In 
primm 
is 
calculated. 
When 
an HEDS-lOOO is used 
as the sensor for 
this code wheel, 
an MTF response 
of 75% is obtained 
from 
Figure 
14. 


The code 
wheel 
is afixed 
to a hub which 
is placed 
on the 
rotating 
shaft. 
The 
reflective 
sensor 
is positioned 
perpen- 
dicular 
to the disc and at a distance 
such that the maximum 
signal point, 
MSP, is at the plane of the code pattern. 
The 
highest 
reflected 
photocurrent, 
IpR, 
is obtained 
from 
a 
specular 
reflecting 
code 
pattern. 
This can be implemented 
by photolithographing 
a pattern 
of opaque 
bars on a shiny 
metallic 
wheel-hub 
assembly. 
A 
diffuse 
code 
wheel 
assembly 
should 
be used when the mechanical 
tolerance 
of 
the axial alignment 
of the H EDS-I 
000 to the normal 
of the 
code wheel exceeds 
100• 


Tachometry 
applications 
allow 
an ac coupled 
amplifier 
to 
be 
used, 
such 
as 
the 
current 
feedback 
type 
in 
Figure 


22. AC coupling 
the output 
of the H EDS-IOOO eliminates 


the dc output 
offset voltage 
variations 
caused 
by the stray 


photocurrent. 


HEDS-1000 
Analog Tachometer 


The HEDS-l 000 can be used as the transducer 
in high speed 


rotary 
tachometry 
applications. 
Figure 
26 
shows 
a 


circuit 
diagram 
that 
uses 
the 
reflective 
sensor 
as a pulse 


source input to a frequency 
to voltage converter. 


The 
HEDS-lOOO 
is 
configured 
as 
a 
current 
feedback 


amplifier 
and 
ac coupled 
to 
an l.M2907 
frequency 
to 


voltage 
converter. 
The 
transistor 
Q1 is used 
as a current 


source to supply 
the 1F to the LED emitter. 


The 
reflective 
sensor 
generates 
n 
pulses 
per 
revolution, 
where 
n is the 
number 
of line pairs per revolution. 
The 
magnitude 
of the frequency, 
f, applied to the F-V converter 
is n times the number 
of revolutions 
per minute. 
This is the 
relationship 
shown 
in Equation 
(49). 


trr 
21Tr 
n = 
(49) 


line width 
In pr width 


min 
n 
rev/min x_._ 
where f = Hz 
60 
sec 


The 
capacitor, 
C, is the 
dominant 
factor 
in determining 


the 
maximum 
output 
voltage 
for 
a required 
full 
scale 


frequency 
indication. 
The capacitor 
required 
to determine 
a full scale output 
voltage for a specific full scale frequency 
is shown 
in Equation 
(50). 


VOUT FULL SCALE 


R· Vcc· fFULL 
SCALE 


A 
VOUT 
FULL 
SCALE = IV, 
0-25,000 
rev/min 
tach- 


ometer 
can be designed 
using a code wheel with a radius of 
20 mm 
and 
a line 
width 
of 
.63 mm. The 
approach 
is to 


determine 
maximum 
full 
scale 
frequency 
from 
Equation 
(49), and then using Equation 
(50), the full scalefrequency 


I 


is 41.5kHz 
and 
C is calculated 
to 
be 
57pF. 
A 62pF 


capacitor 
is used for this example. 


The F-V converter 
will respond 
to a minimum 
input signal 


swing 
of 250mV. 
This input 
level can be insured 
through 
the use of a specular 
reflector. 
In the HEDS-IOOO 
Total 


Transfer 
Function 
Section 
it was 
shown 
that 
the 
IpR 


increases 
by I0.45d B when a specular 
reflector 
is used over 


a diffuse 
reflector. 
The limitation 
of a specular 
reflecting 
code 
wheel 
is that 
the HEDS-IOOO 
alignment 
to the code 
wheel must not be greater 
than 
10° from the normal. 
If the 


deviation 
is greater 
than 
10° the image 
of the source 
will 


not be reflected 
to the detector. 


Paper Edge Sensor 


The accurate 
detection 
of the edge of a piece of paper can 
be accomplished 
with 
an HEDS-IOOO reflective 
sensor. 
If 


the 
range 
of reflectivity 
of the paper 
is known, 
either 
a 
paper 
reflective 
or an obscuration 
system 
can be selected. 


When a paper type which is highly 
reflective 
is considered, 


it is desirable 
to utilize 
a reflective 
system 
of the type that 
positions 
the sensor so that 
the maximum 
signal point 
lies 


at the surface 
of the paper 
platten. 
This approach 
is shown 


in Figure 
27. When 
a low reflectance 
paper 
type is being 


sensed, 
the obscuration 
type system 
may be more suitable. 


Such a system 
is shown 
in Figure 
28. 


The 
edge 
position 
sensing 
accuracy 
is dependent 
on the 
spot 
location 
as referenced 
to the mechanical 
system. 
The 


HEDS-lOOO 
offers 
a reflective 
sensing 
spot 
location 
of 
±.51 mm with respect 
to the package center line. 


When 
an 
obscuration 
sensor 
system 
is 
used, 
the 
two 


transistor 
amplifiers 
shown 
in 
Figure 
24 
provide 
a 
convenient 
dc coupling 
to a 74LS 
logic family. 
When the 


reflective 
system 
is applied, 
a transresistance 
amplifier 
of 


the type shown 
in Figure 
19 should 
be considered. 


Bar Code Scanner 


A reflective 
optical 
sensor can be used as the transducer 
in a 
bar code 
scanner 
application. 
The bar code is an encoded 


form 
of binary 
data storage. 
The relative 
width 
difference 
bar to bar, and space to space, describe 
the typical encoding 


scheme 
of Differential 
Width 
encoding. 
This 
is the data 
format 
used in the Universal Product 
Code. UPc. 


The sensor 
provides 
an electrical 
output 
signal with a pulse 
width 
determined 
by the bar and space widths, 
and signal 


amplitude 
dependent 
upon 
the 
bar 
and 
space 
reflection 


coefficients. 


The 
Differential 
Width 
encoding 
scheme 
requires 
that 
output 
pulse 
width, 
bar 
to bar, 
or space 
to space, 
be an 
accurate 
representation 
of the distance 
per unit time. The 
accuracy 
of 
the 
scanning 
output 
improves 
when 
the 
reflecting 
spot 
size is smaller 
than 
the 
minimum 
bar or 
space 
width. 
The 
smaller 
the 
scanning 
image, 
the 
more 
abrupt 
the transition 
from bar to space. 


The 
output 
signal 
amplitude 
is determined 
by the dif- 


ference 
between 
the bar reflectance 
and space reflectance. 
The 
minimum 
output 
signal 
to maximum 
output 
signal 
ratio 
is 
directly 
proportional 
to 
the 
bar 
to 
space 


reflectance. 


The 
signal 
amplifier 
that 
is interconnected 
to the 
sensor 


must 
have a large dynamic 
operating 
range to accomodate 


the variations 
of reflector 
types, 
and also provide adequate 
signal 
differential 
for 
the 
bar 
to 
space 
reflectivity 


difference. 


Figure 
13 shows 
the 
trapezoidal 
pulse 
train 
that 
is 


obtained 
from scanning 
a bar code of equal width bars and 
spaces. 
As the image 
size increases 
due to defocusing, 
the 


pulse train amplitude 
is reduced 
and the waveform 
becomes 


triangular. 
It is desirable 
that 
the 
amplifier 
provides 
the 


signal 
amplitude 
change 
at the same scanning 
location 
as 


the bar to space transition. 


Figure 
29 shows 
a schematic 
for 
an 
amplifier 
system 
that 
will 
convert 
the 
bar 
and 
space 
widths 
into 
TTL 


compatible 
logic signals. The circuit 
uses the CA3130 
as a 
transresistance 
amplifier 
for 
the HEDS-I000 
photodiode. 
The 
output 
of the 
amplifier 
is applied 
to positive 
peak 


(LM 124-1) 
and 
negative 
peak 
(LM 124-2) 
detectors. 
The 
resistors 
R I and 
R2 
set the 
reference 
(negative-going) 
input 
to the 
code 
comparator 
(LM 124-3) at a voltage 


which 
is halfway 
between 
the 
positive 
peak 
and 
the 
negative 
peak, 
so the switching 
threshold 
is therefore 
at 


50% 
of the 
peak-to-peak 
modulation. 
The 
noise 
gate 


(LM 124-4) compares 
the negative 
peak toa 
voltage 
whichI 


is two diode 
voltage 
drops 
(0 I and 02) below the positive 
:_: 
peak, 
so unless 
the peak-to-peak 
amplitude 
exceeds 
two 


diode drops, 
the G input of the 74LS75 
remains 
low and Q 
cannot 
change. 
This 
ensures 
that 
the Q output 
of the 


74LS75 
will 
remain 
fixed 
unless 
the 
excursions 
at the 


output 
of the 
CA3130 
are 
of adequate 
amplitude 
(two 


diode 
drops) 
that 
noise will not interfere. 


FliOW 
HEWLETT 
a:~ 
PACKARD 
APPLICATION NOTE 1011 


Design and Operational Considerations 
for the HEDS-SOOOand HEDS-6000 
Incremental Shaft Encoders 


A shaft encoder 
is a component 
which 
translates 
the rota- 
tional 
movement 
of a shaft into an electrical 
waveform. 


This 
note 
is directed 
to 
the 
system 
designer 
using 
the 
Hewlett-Packard 
HEDS-5000 
or 
HEDS-6000 
modular 
incremental 
shaft 
encoder. 
The 
contents 
are 
therefore 
specific 
and require 
initial 
understanding 
of shaft encod- 
ers and their associated 
systems. 


The first section 
of this note briefly 
analyzes 
the theory 
of 
design 
and operation 
of the HEDS-5000/6000. 
The second 
section, 
covering 
Design 
Considerations 
and Error Analy- 
sis, provides 
an in-depth 
treatment 
of the relationship 
of 
motor 
mechanical 
parameters 
to encoding 
error accumu- 
lation. 
Several 
design 
examples 
demonstrate 
practical 
utilizations 
of the techniques 
presented. 
The 
section 
on 
Operating 
Considerations 
presents 
information 
on 
as- 
sembly 
and 
test 
procedures 
as well 
as trouble 
shooting 
and 
repair. 
The last section 
introduces 
some circuits 
and 
software 
concepts 
which 
will 
be useful 
in interlacing 
the 
shaft 
encoder 
to a digital 
or a microprocessor 
based sys- 
tem. 
A 
selection 
guide 
summarizing 
the 
uses 
and 


advantages 
of various 
encoder 
characteristics 
is presented 


in the 
Appendix. 
Also 
included 
is a selection 
of motors 
suitable 
for mating 
with the HEDS-5000/6000 
encoders. 


A shaft 
encoder 
used in a system 
such as a servo motor 
control 
enables 
the use of digital 
components 
in the loop, 


i.e., a microprocessor 
instead 
of servo amplifier, 
thus 
low- 
ering the total system cost. A typical 
digital 
control 
loop is 
shown 
in Figure 1. 


The optical 
shaft 
encoder 
offers 
several 
advantages 
over 
other 
encoder 
types. 
It is noncontacting, 
thus 
it does not 
burden 
the system 
with 
added 
inertia 
and friction, 
and is 
inherently 
more 
reliable. 
The encoding 
speed 
is high and 
it offers high noise immunity. 


The 
HEDS-5000/6000 
series 
are 
families 
of 
modular 
incremental 
shaft 
encoders. 
Two 
similar 
channels 
whose 
outputs 
are in quadrature 
(90 degrees 
phase 
difference) 


provide 
velocity 
and 
direction 
information. 
An 
optional 
third 
index 
pulse channel 
can provide 
an absolute 
indica- 
tion 
of 
shaft 
rotation 
once 
per 
revolution. 
The 
output 
waveforms 
are 
digital 
and 
compatible 
with 
TTULSTTL 
logic. 


DIGITAL 


COM~ 
DIGITAL 
PROCESSOR 


Hewlett-Packard 
HEDS-5000/6000 
series 
encoders 
are 


offered 
in a large 
number 
of 
standard 
resolutions 
and 


shaft 
sizes. 
The 
HEDS-5000/6000 
data 
sheets 
describe 


standard 
available 
products. 
Other 
resolutions, 
shaft 


diameters, 
and output 
waveforms 
are possible 
and may be 


designed 
upon 
custom 
request. 
Consult 
the 
factory 
or 


your local HP Sales Office for assistance. 


The modular 
encoder 
kit is assembled 
from three parts: 


1. The 
Encoder 
Body, 
which 
contains 
the 
phase 
plate, 


detectors, 
and integrated 
circuits. 


2. The 
Code 
Wheel, 
which 
is mounted 
on the 
system's 


shaft. 


3. The 
Emitter 
End 
Plate, 
containing 
the 
light 
source 


(LED), 
which 
snaps 
onto 
the body 
to form 
a dust 
res- 


istant unit. 


The 
assembled 
HEDS-5000 
is approximately 
28 mm 
in 


diameter 
and 
18 mm 
high. 
The 
HEDS-6000 
is approxi- 


mately 
56 mm in diameter 
and 19.5 mm high. 
Both have a 


0.6 metre flat cable providing 
the electrical 
connections. 


Further 
physical 
and 
parametric 
information 
on the pro- 


ducts are provided 
in the HEDS-5000 
and HEDS-6000 
data 


sheets. 


THEORY 
OF OPERATION 


A light 
beam 
interrupted 
by a rotating 
code 
wheel 
is the 


essence 
of an optical 
shaft 
encoder. 
To allow 
for higher 


resolution 
at a given 
diameter 
than 
that 
achievable 
by a 


simple 
direct 
beam interruption 
method, 
a mask or "Phase 
Plate" 
is placed 
in the light 
path above 
the photo 
detec- 


tors. 
Both 
the code 
wheel 
and the phase 
plate 
display 
a 


similar 
pattern 
of slits and bars, and when viewed together 


they form what is known 
as a Moire pattern. The light from 


the 
LED 
can 
only 
reach 
the 
detectors 
when 
the 
code 


wheel 
slits are aligned 
with 
the slits on the phase 
plate, 


and since the code wheel is rotating, 
the detector 
receives 


alternating 
periods 
of light and dark. 


As the resolution 
of the encoder 
is increased 
and the line 


spacing 
of the code wheel is decreased, 
satisfactory 
oper- 


ation 
becomes 
very sensitive 
to the collimation 
of the light 


transmitted 
through 
the code 
wheel 
and 
phase 
plate, 
as 


well 
as sensitive 
to 
the 
gap 
spacing 
between 
the 
code 


wheel and phase plate. To increase 
the reliability 
of opera- 


tion, 
the 
HEDS-5000/6000 
employs 
an 
aspherical 
lens 


system 
and 
miniature 
point 
source 
emitter 
which 
highly 


collimates 
the 
light 
beam. 
This 
highly 
collimated 
light 


allows 
the code 
wheel 
and 
phase 
plate 
separation 
to be 


much greater 
than that aChieved in existing 
discrete 
com- 


ponent 
encoders, 
and 
also 
reduces 
the 
encoder's 


sensitivity 
to shaft axial end play. 


Each 
channel 
contains 
two 
photodetectors 
with 
corres- 
ponding 
phase 
plate 
patterns 
spaced 
in a manner 
that 


causes 
one 
detector 
to 
be dark 
while 
the 
other 
is fully 


illuminated. 
The currents 
produced 
by the photodetectors 


are amplified 
by a differential 
amplifier 
(push-pull). 
The 


differential 
configuration 
reduces 
the 
sensitivity 
to 
LED 


light 
level changes 
and thus 
eliminates 
the need for any 


electrical 
gain adjustments. 
Digitizing 
for each channel 
is 


accomplished 
by a comparator 
which 
switches 
when 
the 


analog 
values 
are equal. 
The 
output 
of the 
comparator 


provides 
TTULSTTL 
compatible 
logic signals. 


A block 
diagram 
of the 
HEDS-5000/6000 
is presented 
in 


Figure 2. 


As in most measurement 
systems, 
the encoding 
process 
is 


not error free. It is important 
to know the causes of errors 


and 
understand 
their 
effects 
in order 
to select 
a suitable 


encoder 
and to define the mechanical 
requirements 
of the 


system on which the encoder 
will be mounted. 
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DEFINITIONS 


Angular 
Degree: 


The 
mechanical 
unit 
of shaft 
rotation, 
i.e., one shaft 
rota- 


tion = 360 degrees. 


Code Wheel 
Count 
(N): 
The 
number 
of 
bar 
and 
space 
pairs 
around 
the 
code 


wheel, 
i.e., N=500 
in the HEDS-5000 
- 
AXX. 


N=1000 
in the HEDS-6000 
- 
BXX. 


Cycle: 
The portion 
of the output 
waveform 
which 
corresponds 
to 
the occurence 
of a full light 
and dark period 
on one detec- 


tor 
pair, 
i.e., 
there 
are 
N cycles 
in 
one 
complete 
shaft 
rotation. 


Electrical 
Degree: 


The units 
of the output 
waveform: 
1 cycle 
= 360 Electrical 


Degrees 
= 360/N 
angular 
degrees. 


Pulse and State Widths: 
Portions 
of the quadrature 
output 
of the encoder. 
See Fig- 
ure 3 for definitions. 


(FOR 
COUNTER 
CLOCKWISE 
ROTATION 
OF CODE 
WHEEL 


AS VIEWED 
FROM 
EMITTER 
END 
PLATE) 


C 
C. CYCLE: 
360 ELEC. 
DEG. 


P, PULSE 
WIDTH: 
leD ElEC. 
DEG. 


S. LOGIC 
STATE: 
90 ELEe. 
DEG. 
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~,~""" 


I 
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Phase: 
The angle 
in electrical 
degrees 
between 
the center 
of the 


channel 
A 
pulse 
and 
the 
center 
of 
the 
corresponding 


channel 
B pulse. 


Index 
Phase: 


For 
counter 
clockwise 
rotation 
as 
illustrated 
above, 
the 


Index 
Phase is defined 
as: 


(ci>1-ci>2) 


4>1 = 
2 


ci>1 is the 
angle, 
in electrical 
degrees 
between 
the 
falling 


edge of I and falling 
edge of B. ci>2 is the angle, 
in electrical 
degrees, 
between 
the rising 
edge of A and the rising 
edge 


of I. 


Resolution: 


The smallest 
angular 
motion 
that can be resolved. 
Resolu- 
tion 
can 
be expressed 
as either 
the 
number 
of 
output 
transitions 
in one 
complete 
revolution 
or as the angle 
of 


shaft 
rotation 
between 
two consecutive 
transitions. 


Since 
there 
are N cycles 
per each 
shaft 
revolution, 
there 


are N values 
for 
each 
encoding 
parameter. 
In the 
HEDS- 


5000/6000 
data 
sheet 
encoding 
errors 
are defined 
in the 


following 
manner: 


• 
Typical 
Error: 
The average 
val ue (over 
a large 
batch 
of 


encoders) 
of the maximum 
error observed 
in a complete 


shaft revolution 
of each encoder. 


• 
Maximum 
Error: 
The 
largest 
error 
that 
should 
be 


observed 
in any batch. 


In a modular 
encoder, 
the 
encoding 
characteristics 
of a 


particular 
unit cannot 
be measured 
directly 
until the unit is 


assembled 
on a system. 
It would 
be useful 
to be able 
to 


predict 
its performance, 
but, while the errors 
of any particu- 
lar 
unit 
cannot 
be predicted 
with 
certainty, 
a statistical 


treatment 
will usually 
result 
in a good 
approximation 
to the 


behavior 
of a large 
batch. 
The 
distribution 
of component 


characteristics 
is usually 
Gaussian 
and can be described 
by 


its 
mean 
(E) and 
standard 
deviation 
(al. 
In the 
case 
of 
encoder 
errors, E is defined 
to be the average 
of the abso- 


lute value of the errors. 


When 
two 
(or 
more) 
factors 
combine 
to 
form 
a third 


parameter, 
their errors 
can combine 
vectorially 
or algebrai- 
cally. In a vectorial 
combination, 
the resultant 
error could 
be 


smaller 
or larger 
than 
the original 
errors 
(and 
sometimes 


zero). 
For example, 
the eccentricity 
resulting 
from 
the ran- 


dom 
assembly 
of a code 
wheel 
(which 
has an eccentricity 


error) 
and an eccentric 
shaft is a vectorial 
combination. 
An 
algebraic 
combination 
occurs 
when 
the two errors 
always 


make 
the 
resultant 
error 
larger 
as is the 
case 
when 
the 


pulse width 
error combines 
with the phase error to produce 


state width 
error. 


When 
estimating 
the distribution 
of an error 
derived 
from 


such combinations, 
the following 
formulas 
are used: 


1. The new mean is either: 


a. The sum of means 
in an algebraic 
combination 


b. The 
root 
of 
the 
sum 
of 
squares 
in 
a 
vectorial 


combination 


2. The 
new 
standard 
deviation 
is 
derived 
from 
the 


equation: 


DESIGN 
CONSIDERATIONS 


The 
performance 
of a modular 
shaft 
encoder 
is affected 


by 
assembly 
and 
shaft 
tolerances 
to 
a 
much 
greater 


degree 
than 
in 
a pre-assembled 
encoder 
with 
self- 


contained 
shaft 
and 
bearings. 
Those 
factors 
plus 
shaft 


velocity, 
temperature, 
and others 
combine 
with the intrin- 


sic encoder 
characteristics 
to yield the resultant 
accuracy. 
A 
quantitative 
discussion 
of 
the 
relationship 
between 


environmental 
conditions 
and accuracy 
can only be made 


for 
a specific 
encoder 
type, 
(i.e., the 
HEDS-5000/6000), 
although 
the general 
concepts 
can be extended 
to others. 


Table 
1 summarizes 
the relationships 
between 
the encod- 


ing 
parameters 
and the environmental 
factors 
that 
affect 


them. 


The check 
mark indicates 
that the factor 
listed affects 
the 


corresponding 
encoding 
characteristics. 
As can be seen, 


cycle 
uniformity 
is virtually 
unaffected 
by factors 
outside 


the encoder, 
while 
the state width 
which 
is the sum of all 


the encoder 
transitions 
will 
be affected 
by most of these 


factors. 


Eccentricity 
primarily 
affects 
position, 
phase 
and 
state 


width errors. A quantitative 
discussion 
of this factor is pres- 


ented in the specific 
Encoder 
Errors section. 


The 
shaft 
eccentricity 
which 
affects 
the encoder 
perfor- 


mance 
is actually 
a combination 
of 
four 
separate 
and 


independent 
factors: 


• 
Eccentricity: 
the cyclic 
off-axis 
motion 
of the shaft. 


• 
Radial Play: the random 
motion 
due to bearing tolerance 
and uneven loading. 


• 
Shaft Undersize 
Tolerance: 
the cyclic 
off-axis 
motion 
of 
the code 
wheel 
caused 
by off center 
mounting 
of the 


hub on an undersize 
shaft. 


• 
Code Wheel/Hub 
Assembly: 
the cyclic off-axis 
motion of 


the code 
wheel 
caused 
by off center 
mounting 
of the 


code wheel with respect to the hub bore. 


Shaft Axial Play 


The shaft 
axial 
play affects 
mainly 
the phase (or quadra- 


ture) 
between 
the two 
encoder 
channels, 
and to a much 


lesser degree the pulse width. 
Aside from 
phase jitter con- 


siderations, 
the axial play should 
be restricted 
to less than 


0.5 mm for the 
HEDS-5000 
and 
0.58 mm for the HEDS- 
6000, due to the physical 
constraints 
of the encoder. 
The 


recommended 
assembly 
procedure 
protects 
the 
code 


wheel 
and phase 
plate 
by holding 
the shaft 
at its closest 
point 
to the phase plate when setting 
the code wheel. The 


axial motion 
is therefore 
always in the direction 
of increas- 


ing 
separation, 
which 
increases 
reliability 
without 


deteriorating 
the pulse width 
performance. 
When the max- 


imum 
allowable 
play 
is exceeded, 
the 
top 
of 
the 
code 


wheel 
hub 
can 
hit the 
Emitter 
End 
Plate, 
which 
is not 


necessarily 
catastrophic 
but certainly 
undesirable. 


Velocity 
and Temperature 


Both 
position 
and cycle 
accuracy 
are measured 
between 


similar 
transitions 
of the output 
waveform 
and are virtually 


unaffected 
by 
the 
velocity 
of 
rotation. 
Since 
counting 


cycles 
(by 
toggling 
a TTL 
counter 
or a similar 
device 


require 
only 
a very 
small 
time 
between 
the logic 
transi- 


tions, 
the 
count 
frequency 
can 
typically 
reach 
200 kHz 


before losing count. 


On the other 
hand, the pulse width 
is measured 
between 
two 
different 
transitions 
and the accuracy 
will 
be limited 


by any difference 
in the propagation 
delay 
of the transi- 


tions. 
This 
time 
difference 
becomes 
a greater 
portion 
of 


the Pulse Width 
as the frequency 
is increased. 
Propaga- 


tion 
delays 
are 
also 
slightly 
affected 
by 
temperature 
variations. 


Assembly 


The only 
adjustment 
necessary 
during 
the assembly 
of a 


two channel 
HEDS-5000/6000 
is optimization 
of the phase 


between 
channels. 
The phase adjustment 
aligns 
the axial 
center 
of the phase plate pattern 
to match that of the code 


wheel. 
The 
average 
phase 
between 
channels 
A and 
B 


should 
be adjusted 
to 90 degrees. 
The error in the adjust- 
ment process 
can be limited 
to about 
10 degrees 
using an 
oscilloscope 
presentation 
of 
the 
output. 
Tighter 
adjust- 
ment 
tolerances 
can 
be achieved 
by using 
an averaging 


phase meter as described 
in the assembly 
procedure 
sec- 


tion, Figure 11. 


The 
index 
channel 
of 
a three 
channel 
encoder 
is also 


adjusted 
at assembly 
and is typically 
aligned 
so that PI is 


centered 
on the low state combinations 
of channels 
A and 


B (see Figure 3l. 


Encoding 
Factors 
Outside 
Encoder 
Manufacturer's 
Control 


Characteristic 
Eccentricity 
Axial 
Play 
Velocity 
Temperature 
Assembly 


Position 
Accuracy 
X 


Cycle 
Uniformity 
X 


Pulse Width 
X 
X 


Phase 
X 
X 
X 


State Width 
X 
X 
X 
X 
X I 


Each encoder 
characteristic 
contains 
errors 
resulting 
from 
the relationship 
between 
the internal 
encoder 
components 
and the environment. 
As previously 
shown, 
more than one 
environmental 
factor 
affects 
any encoding 
error. 
The dis- 


cussion 
below will define 
these encoder 
errors, 
discuss 
the 


primary 
factors 
contributing 
to 
the 
errors 
and 
provide 
sample 
calculations 
as necessary. 


Position 
Error 


Position 
error 
expressed 
in 
minutes 
of 
arc 
or 
electrical 
degrees 
is defined 
as the 
difference 
between 
the 
actual 


shaft 
position 
and the position 
as determined 
by the out- 


put of the shaft encoder. 
Figure 
4 illustrates 
position 
error 


for a code wheel with 8 cycles 
per revolution. 


Position 
error 
is primarily 
caused 
by off-axis 
rotation 
of 


the code wheel 
with 
respect 
to the phase plate and detec- 


tors. The effect 
of eccentricity 
is inversely 
proportioned 
to 


the 
code 
wheel 
radius. 
The 
position 
error, 
~IJ, resulting 
from 
eccentricity 
is calculated 
as follows: 


t; ()= ~ 
(degrees) 
R 


A sensitivity 
factor 
Qp can be defined 
in order 
to estimate 
the contribution 
of eccentricity 
to position 
error. 
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Q 
= ~ 
P 
R 


= 5.3 angular degrees/mm 
of 


eccentricity 
for the HE DS-5000 


= 2.6 angular degrees/mm 
of 
eccentricity 
for the H EDS-6000 


Code wheel and phase plate artwork 
contribute 
to position 
error; 
however, 
the 
magnitude 
is small 
and 
can 
be neg- 
lected. 
Note 
that 
position 
error 
is inversely 
related 
to the 
radius 
of the code 
wheel. 
Therefore, 
the 
HEDS-6000 
will 


have a smaller 
position 
error than the HEDS-5000. 


Position 
error 
is a concern 
for high 
resolution 
positioning 


systems. 
The following 
example 
estimates 
position 
error of 
the HEDS-5000 
based 
upon 
eccentric 
motion 
of the code 


wheel 
pattern. 
Calculations 
for the HEDS-6000 
are similar. 


Such eccentric 
movement 
affecting 
the encoder 
is actually 


a combination 
of the four 
separate 
and 
independent 
fac- 


tors discussed 
earlier. 


To Calculate 
Position 
Error 


1. List 
the 
contributing 
factors. 
Table 
2 
presents 
data 


which 
is consistent 
with 
the 
recommended 
operating 


conditions 
as specified 
in the 
HEDS-5000 
Data Sheet. 


Code wheel/hub 
assembly 
data presented 
is impirically 


determined 
for the HEDS-5000. 


Table 2 


Contributing 
Mean 
Std Dev_ 


Factor 
E 
a 


Code Wheel/ 
Hub Assembly 
0.040 mm 
0.015 mm 


Shaft Eccentricity 
0.020 mm 
0.005 mm 


Shaft Undersize 
0.015 mm 
0.010 mm 


Note that shaft 
radial 
play is not included 
due to the ran- 


dom 
nature 
of the 
contribution. 
The 
three 
factors 
listed 


cause 
predictable 
cyclic 
error 
that 
are combined 
vector- 


ially. Radial play contributes 
to phase and state width 
error 


as explained 
in the following 
sections. 


2. Combine 
the errors 
as outlined 
in the section 
on the 


statistical 
nature 
of errors to calculate 
the vector sum of 


the mean: 


3. To estimate 
the encoder 
accuracy 
it is necessary 
to mul- 


tiply 
by the total 
eccentricity 
factor 
Qp which 
denotes 


the contribution 
to position 
error. 
Recall that 


for the HEDS-5000, N 
error, ::'(J, is: 


bO = ET Op 


= (4.7 x 10'2mm) (5.3 angular degrees/mm) 


aIM) 
= aTOp 


= (1.9 x 10'2mm) (5.3 angular degrees/mm) 


Mmax 
= b]) + 2 [aIM)] 


= 0.25 + 2 (0.1) angular degrees 


(5<+ 20 will contain 98 percent of a normal distribution) 


The relationship between shaft eccentricity and position 
accuracy is illustrated in Figure 5 for the HEDS-5000 and 
HEDS-6000. The 
residual 
position 
error 
(where shaft 


eccentricity = 0 in Figure 5) denotes the code wheel/hub 
assembly contribution to position error. The remainder of 
the graph includes contribution from both shaft eccentric- 
ity and shaft undersize. Er + 20r from our example yields 
0.085 mm for maximum eccentricity which corresponds to 
about 27 minutes of arc on the typical curve for the HEDS- 
5000. The 99 percentile curve is an indication of the manu- 
facturing 
process distribution 
giving rise to the residual 


position error. 


Cycle Error 


All cycles will contain 360 electrical degrees; however, the 
number of mechanical degrees represented by each cycle 
may vary from the ideal of 360/N. Cycle error, LlC, is usually 
expressed in electrical degrees, hence the equivalent angu- 
lar error: 


b.C 
Angular Cycle Error = N 


The quality of the code wheel and phase plate artwork is 
the main factor affecting the cycle error. Data on this 
parameter is presented in the data sheet. Eccentricity has a 
minor affect on cycle error and need not be calculated as a 
significant contribution. 


Pulse Width Error 


Pulse width error is the maximum deviation of the pulse 
from the nominal value of 180electrical degrees. 


Although 
the use of a differential amplification 
greatly 


reduces the sensitivity to component and circuit variables, 
some pulse error will result from a non-uniform light patt- 
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ern impinging on the differential detectors or an imbalance 
of the differential elements. An additional error can be 
observed if, over the temperature range, the encoder is run 
at high velocities. This is caused by the unequal propaga- 
tion delays of the falling and rising edges of the digital 
pulse trains. As with most I.C. parameters, this propaga- 
tion delay differential 
is temperature dependent. At 25 
degrees centigrade 
the propagation 
delays are nearly 


equal but with increasing or decreasing temperature the 
delays become unequal. 


Figure 6 shows maximum and typical values to expect in 
pulse width error due to changes in temperature and 
velocity. 


Phase Error 


Phase error is the maximum deviation from the nominal 
value of phase (90 electrical degrees) between channel A 
and channel B. 


Since phase does not extend between two output transi- 
tions, strictly speaking it is not an encoding parameter. 
But since phase error is a direct contributor to State Width 
Error, it is important to understand the mechanism by 
which phase error arises. 
• 


The average phase of most encoder systems is adjusted 
during the assembly procedure to be as close as possible 
to the nominal value of 90 degrees. This helps to average 
out cyclic 
variations in phase during 
a shaft rotation. 


Therefore the design concern is primarily with respect to 
the amount that the phase varies as the shaft moves ran- 
domly during its rotation. 
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A shift 
of the 
phase 
between 
the two 
encoder 
channels 


occurs 
due to the axial, 
radial 
and eccentric 
movement 
of 
the code wheel pattern 
with respect to the phase plate. 


Phase 
Error Due To Radial 
Play 


The 
radial 
play and eccentricity 
will 
change 
the phase in 
an amount 
inversely 
proportionai 
to the square of the code 
wheel radius, and proportional 
to code wheel count 
N. 


A phase sensitivity 
factor 
can be defined 
in order 
to esti- 
mate 
the 
contribution 
of 
radial 
play 
and 
eccentricity 
to 
phase error. 


; 520 electrical 
degrees/mm 
(typical 
for the HEDS-5000, 
N; 
500) 


; 227 electrical 
degrees/mm 
(typical 
for HEDS-6000, 
N; 
1000) 


The contribution 
that phase error has on state width error is 
calculated 
in the state width 
error 
design 
example 
and is 
divided 
between 
cyclic 
eccentricity 
and random 
shaft radial 


play. 


Phase Error Due to Axial Movement 


Axial 
movement 
will aiso result in a change 
of phase if the 
light 
beams illuminating 
the two channels 
are not perfectly 


parallel. 
The equation 
governing 
phase change 
due to axiai 
movement 
is: 


A typical 
value 
for 
Qma as observed 
in a sample 
of 
a 
HEDS-5000/6000 
production 
run is: 


Total 
Phase 
Error 


Phase 
error 
contributions 
due 
to 
radial 
play 
and 
axial 
movement 
are summed 
vectorially 
to give total Phase Error: 


State Width 
Error 


State 
Width 
Error 
is the 
maximum 
deviation 
of the state 
width 
from its nominal 
value of 90 electrical 
degrees. 


Since the State Width 
is the combination 
of all the encod- 
er's transitions, 
all of the factors 
which 
contribute 
to pulse 


width 
and 
phase 
error 
will 
also 
contribute 
to state 
width 
error. 
These error 
contributions 
can best be thought 
of as 


falling 
into three categories. 
The first 
includes 
eccentricity 


contributions 
reSUlting 
in cyclic 
errors 
as outlined 
in the 


preceding 
position 
error 
section. 
The second 
category 
is 


factors 
creating 
random 
errors. 
The 
third 
category 


includes 
those 
factors 
that are due to the intrinsic 
design 
of the encoder 
such as lens quality, 
I.C. switching 
charac- 
teristics, 
and I.C. hysteresis. 
For the HEDS-5000/6000, 
this 
collective 
error is 5 electrical 
degrees 
on the average. 


A quantitative 
discussion 
of the 
effect 
that 
these 
factors 
have 
on 
state 
width 
error 
is presented 
in the 
following 
design 
examples. 


DESIGN 
EXAMPLES 


In the following 
examples 
the state width 
error 
of a hypo- 
thetical 
production 
batch 
will 
be estimated. 
State width 
is 
crucial 
in 
prOViding 
direction 
information. 
Thus 
a min- 
imum 
state 
width 
must 
be 
maintained 
over 
the 
whole 
range of operating 
conditions. 
The value of that minimum 
can range from 
1 to 20 electrical 
degrees 
or more, and is 
dependent 
upon the type of counting 
circuitry 
used where 
directional 
information 
must be obtained. 
Two approaches 
to the analysis 
will be discussed. 
First, state width 
error at 
room 
temperature 
will 
be estimated 
without 
considering 


velocity 
extremes. 
The 
second 
example 
will 
answer 
the 
question. 
"What 
should 
the test limit 
at room 
temperature 


be to ensure 
a minimum 
state width 
at the extremes 
of the 


temperature 
and velocity 
ranges?" 


Not all of the numbers 
required 
in the procedure 
are avail- 
able in the data sheet. 
HEDS-5000/6000 
data sheet values 
are 
used 
where 
possible. 
and 
the 
other 
encoder 
values 
were 
empirically 
derived 
from 
testing 
of 
production 
assemblies. 
The 
numbers 
relating 
to shaft 
variables 
must 
be estimated 
or 
measured 
by 
the 
designer. 
The 
values 
used 
below 
are only 
for a particular 
set of motor 
parame- 
ters within 
the 
recommended 
operating 
conditions 
of the 
HEDS-5000/6000. 
The examples 
also assume 
that a phase 


error 
adjustment 
has been 
made 
during 
assembly 
so that 


average 
phase error over 360 mechanical 
degrees 
is nearly 


zero. 


Any error 
in phase results 
in a corresponding 
error 
in state 
width 
of equal 
magnitude. 
Therefore 
the sensitivity 
factors 


established 
for 
phase 
are used 
in calculating 
state 
width 


error. 


Room Temperature 
Analysis 
Example 


ECCENTRICITY, 
IlS1 
Total 
code 
wheel 
pattern 
eccentricity 
was estimated 
in the 
position 
error example. 


The effect 
of eccentricity 
on the state width 
is obtained 
by 
multiplying 
the 
total 
expected 
eccentricity 
by the 
phase 
sensitivity 
factor 
Qe = 520 electrical 
degrees/mm. 


Since 
eccentricity 
is measured 
as a peak-to-peak 
value 


(TIR) 
and average 
phase error 
has been preadjusted 
to be 
nearly 
zero, then the maximum 
expected 
movement 
of the 
code 
wheel 
with 
respect 
to the phase plate should 
be less 
than or equal 
to 1/2 the TIR values 
specified 
for eccentric- 
ity. 
Hence 
the 
mean 
and 
standard 
deviation 
values 
for 


eccentricity 
used in calculating 
..'lS, are divided 
by two. 


The 
following 
calculations 
are 
for 
the 
HEDS-5000, 


N = 500. Calculations 
for the HEDS-6000 
are similar. 


The eccentricity 
contribution 
..'lSl, is: 


llS, 
= 
(4.7 
X ~0'2 mm) 
(520 electrical 
degrees/mm) 


= 12.2 electrical 
degrees 


(1.9 x 10'2 mm) 
(520 electrical 
degrees/mm) 
2 


RANDOM 
PHASE, 
uS2 


The contributing 
factors 
to random 
phase 
should 
be esti- 
mated 
in 
conjunction 
with 
a Q factor 
relating 
to 
their 


contribution 
to state width 
error. Table 3 summarizes 
these 
factors. 
The shaft axial play and radial play in this example 
were derived 
from 
a typical 
31.75 mm (1-1/4 in.) motor 
with 
ball bearings. 
Again, 
the phase 
sensitivity 
factors, 
Qe and 
Qma which 
were 
presented 
earlier, 
are used 
to establish 


error 
contribution. 
The 
number 
presented 
for 
assembly 


errors 
were derived 
from 
a typical 
production 
run using 
a 


phase 
meter 
(see "Test 
Procedures" 
section 
I as an adjust- 


ment aid. 


Phase 
Mean 
Std. Dev. 
Sensitivity 
Factor 
Units 
E 
a 
Factor. a 


Shaft Axial 
mm 
01 
0.06 
Qma 


Play 
20 elect. deg.! 


mm 


Shaft Radial 
mm 
0.006 
0.003 
Q. 


Play 
520 elect. deg.! 


mm 


Assembly 
Elect. Deg. 
3 
3 
none 
Adjustment 


Multiply 
the mean and standard 
deviation 
of each factor 
by 


the appropriate 
Q. Then calculate 
the total 
mean contribu- 


tion by vectorially 
combining 
the weighted 
means. The total 
standard 
deviation 
is obtained 
by vectorially 
combining 
the 


standard 
deviation 
for each factor. 


INTERNAL 
ERRORS, 
uS3 
The combination 
of errors 
intrinsic 
to the HEDS-5000 
and 
not directly 
affected 
by shaft and assembiy 
tolerances 
are a 


result of lens quality, 
IC switching 
characteristics 
and mis- 
cellaneous 
tolerances. 
These affects 
summed 
are approxi- 
mately 
the following: 


Error Distribution 


The state width 
error 
distribution 
is computed 
by algebrai- 
cally summing' 
the means of Eccentricity, 
Random 
Phase, 


and Internal 
Errors. 
The standard 
deviations 
are combined 


vectorially. 
I 


Mean State IIST = 12.2 + 4.7 + 5 
Width 
Error 
. 
= 21.9 electrical 
degrees 


Standard 
Deviation 
a(llST) 
= V (4.9)2 + (3.5)2 
(8.4)2 


of State Width 
Error 


'The 
error contributions 
are algebraically 
summed 
in order 
to obtain 
a worst 
case performance. 


The example above predicts the mean state width error for 
an encoder batch would be less than 25 electrical degrees 
when parameters are kept within the recommended oper- 
ating conditions as specified in the HEDS-5000data sheet. 
The state width error for 99% (2.3 0) of the batch is com- 
puted as follows: 


t.ST = t.ST + 2.3 [at.(ST)] 


and is approximately 45 electrical degrees. Note: these 
figures agree with the state width error as specified in the 
HEDS-5000data sheet. 


Encoders and motors with characteristics resembling the 
example have been assembled and tested. The resultant 
state width error histogram is illustrated in Figure 7. 
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STATE WIDTH 
ERROR DISTRIBUTION 


Designing 
for Temperature 
Range 
To ensure decoding over the full temperature range the 
HEDS-5000/6000 data sheets are complete with graphs 
similar to Figure 6 showing maximum and typical pulse 
width and state width errors vs. temperature and velocity. 


OPERATING 
CONSIDERATIONS 


Assembly 
Mounting 
Surface 


The encoder may be mounted directly on a motor which 
has a two-sided shaft extension or on a remote bearing 
support at the end of a shaft. 


In either case, the mounting surface should be flat and 
smooth. No special operations are required for the surface 
finish except removal of burrs that might interfere with the 
phase adjustment 
operation 
which 
entails sliding 
the 
encoder over the mounting surface. The HEDS-5000 is 
attached by means of three screws, two for the HEDS- 


6000. The mounting surface for each encoder should 
therefore be drilled as shown in Figure 8 below and 
tapped with metric or English threads as required. 


Adhesives 


Two different kinds of adhesives are used in the assembly 
of the encoder. 


R.T.V.(silicone rubber) is used on the mounting surface to 
fill the following functions: 


1. Provide a lUbricating medium to ease the sliding of the 
encoder while adjusting phase. 


2. Provide a flexible adhesive to accommodate differen- 
tials in expansion coefficients between the encoder and 
its mounting surface. 


Dow Corning 3145 (or GE 162) was chosen because in 
addition 
to meeting the criteria above, they are non- 
corrosive and do not emit corrosive vapors. 


The Hysol epoxy used in mounting the code wheel onto 
the shaft was selected to provide a rigid bond when set, 
and it presents a reasonable compromise between initial 
viscosity necessary for holding the code wheel in position 
before setting, setting time, and useful pot life. R.T.V. can 
be used with success on shaft sizes greater than 1/4 inch. 
However, the use of R.T.V. on shaft sizes smaller than 1/4 
inch is not recommended since the smaller contact area 
results in a smaller initial holding force and a weaker 
bond. 


ASSEMBLY 
PROCEDURE 


CAUTION: 
The 
shaft 
encoder 
circuitry 
may be damaged 
by an electrostatic 
discharge. 
The 
cable 
extremities 
are 
the susceptible 
areas. Normal 
precautions 
such as ground 


straps 
for assembly 
personnel 
should 
eliminate 
any dam- 


age due to electrostatic 
discharge. 


The HEDS-5000/6000 
data sheet describes 
in detail a typi- 


cal assembly 
procedure. 
While the exact procedure 
in any 


manufacturing 
environment 
will differ 
due to the variety of 


applications, 
it is worthwhile 
to understand 
the underlying 
rationale 
in the 
assembly 
before 
establishing 
a specific 


procedure. 
There 
are three 
steps 
which 
may 
affect 
the 


encoder's 
performance: 
centering, 
gap setting 
and phase 


adjustment. 


Centering 
the HEDS-5000 
encoder 
around 
the shaft using 


the cone 
tipped 
tool 
(HEDS-892X) 
provides 
easier 
screw 


insertion 
and 
a good 
starting 
point 
for 
the 
final 
phase 


adjustment. 
Centering 
the 
HEDS-6000 
can 
be done 
by 


sight. 


Although 
the 
HEDS-5000/6000 
is very 
tolerant 
of varia- 


tions 
in gap between 
the code 
wheel and the fixed 
phase 
plate, 
only 
a correct 
initial 
gap 
setting 
will 
assure 
full 
benefits 
from 
this 
feature. 
It is essential 
that 
the 
code 


wheel does not touch 
the phase plate through 
its rotation, 
axial 
movement 
and vibration. 
The HEDS-5000 
makes use 


of a gap setter which 
sets the code wheel/phase 
plate gap 
to approximately 
0.63 mm, referenced 
from 
the top of the 


encoder 
body. 
The 
code 
wheel/phase 
plate 
gap 
of the 
HEDS-6000 
is set by leveling 
the code 
wheel 
hub to the 


encoder 
body 
top. 
Applying 
R.T.V. 
on 
the 
emitter 
end 


plate is recommended 
as a dust shield 
but is not required 


in dust-free 
environments. 


The 
final 
step 
in the 
assembly 
is the 
phase 
adjustment 


which 
can also serve as the final inspection. 
As mentioned 
before, 
in most 
applications 
this 
is a necessary 
step 
to 


provide 
the required 
encoding 
characteristics. 
Since it is a 


contributor 
to state width 
error, 
the average 
phase should 


be adjusted 
to a value 
as close 
as possible 
90 electrical 
degrees. 
A plus 
or 
minus 
10 degree 
adjustment 
can 
be 


easily 
achieved 
using 
a phase 
meter 
as described 
in the 


"Test 
Procedures" 
section. 
Adjustment 
according 
to 
an 


oscilloscope 
trace 
of 
the 
output 
is 
less 
accurate 
and 


demands 
more 
training, 
but the above 
requirements 
can 


be achieved 
with the proper 
care and attention. 


Where 
phasing 
between 
channels 
is 
not 
of 
concern 


(tachometer 
applications) 
or if a large initial 
deviation 
from 


proper 
phasing 
can 
be tolerated 
and 
corrected, 
phase 


adjustment 
may be modified 
or omitted. 


All piece parts of a modular 
encoder 
are tested at the fac- 


tory 
prior 
to 
shipment. 
Testing 
the 
piece 
parts 
at 
the 


customer's 
location 
is difficult 
since it requires 
specialized 


test 
fixtures. 
The 
encoder 
can 
best 
be tested 
after 
it is 


assembled, 
although 
some 
simple 
tests 
can 
be incorpo- 


rated if an incoming 
inspection 
is required. 


For Encoder 
Piece 
Parts: 


Code 
Wheel: 
Visually 
check 
for 
shipping 
damage, 
i.e., 


bending 
or dents which 
exceed 
the data sheet limits 
(code 


wheel part drawing). 


Emitter 
End Plate: The LEDs can be turned 
on by passing 
current 
through 
the emitter 
end plate leads. See Figure 
9. 


The 
current 
should 
be limited 
to 
10 mA and 
the supply 


voltage 
compliance 
should 
not exceed 
10V for the protec- 


tion of the LEDs. 


Encoder 
Body: 
When the 5V supply 
and ground 
are con- 


nected 
through 
the 10 pin connector, 
the outputs 
can be 


observed 
on a scope. 
Moving 
the encoder 
body 
in front 
of 


an illumination 
source 
(e.g., light 
bulb) 
will cause the out- 
puts to toggle. 


For Motors: 


Shaft: 
For 
shaft 
tolerance 
definitions 
and 
testing 
see 


Appendix 
C. 


Assembly: 
The gap at which 
the code 
wheel was set can- 
not be measured 
directly 
but with 
some 
practice 
a visual 


estimate 
can be made by observing, 
with 
proper 
magnifi- 
cation, 
the parallax 
between 
the code 
wheel 
slits and the 


phase plate pattern. 


Phase AdjustmenVFinal 
Test: The final step in assembly 
is 


the phase adjustment. 
It can be achieved 
using a scope or 


an averaging 
phase 
meter. 
The 
set up and waveform 
for 


the scope test are presented 
in Figure 10. When setting 
the 


phase, 
it is advisable 
to turn 
the shaft 
in both 
directions 


and adjust for minimum 
phase error. 


Figure 
11A is a schematic 
for 
an averaging 
phase 
meter 


which 
makes 
the 
task 
of 
adjusting 
the 
phase 
between 


channels 
easier and more accurate. 
• 


Operating 
Instructions: 


1. Observe 
the LEDs on the phase meter to verify 
that the 


shaft rotation 
and LED director 
indication 
correspond. 


2. Recheck 
shaft 
direction 
or 
adjust 
the 
phase 
until 
correct. 


3. Adjust 
the encoder 
(see assembly 
instructions 
in data 


sheet) for zero reading 
on the phase meter. 


~CHANNELB 


A 
CURRENT 
METER 
(-500 
0 
+500) 
FUll 
SCALE 


A12 
220n 


5082-4650 
~RED 


(SEE NOTE) 


A'3 
loon 


5082-4950 


"""""GREEN 


(SEE NOTE) 
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If the 
index 
channel 
is to 
be 
used, 
some 
applications 
require 
that it be aligned 
with the main data channels. 
The 
index 
pulse 
position 
and 
the 
phase 
must 
be 
adjusted 
simultaneously. 
This 
procedure 
sets 
the 
index 
phase 
to 
zero. 


After channel 
A and B have been phased 
using an oscillo- 
scope 
or phase meter circuit, 
use an oscilloscope 
and the 
circuit 
shown 
in Figure 
11B, and 
set the trigger 
for 
the 
falling 
edge of the I output. 
Adjust 
the index 
pulse so that 
T, and T2 are equal 
in width. 
The physical 
adjustment 
is a 
side motion 
(see assembly 
instructions 
in data sheet), 


Repeat the process 
until 
both phase and index pulse posi- 
tions are as desired. 


Note: 
Occasionally 
due 
to 
statistical 
variations 
in 
the 
pieceparts, 
a high 
pulse 
width 
or 
phase 
error 
may 
be 


observed 
and 
can 
be improved 
by replacing 
the 
emitter 
end plate with 
another. 
The original 
end plate can subse- 
quently 
be used on another 
unit, 
usually 
without 
causing 
the problematic 
symptoms. 


TROUBLE 
SHOOTING 
AND REPAIR 


The 
HEDS-5000/6000 
does 
not 
require 
any 
adjustments 
after 
it is assembled, 
thus 
minimizing 
the 
need 
for 
field 
service. 
The 
emitter 
end 
plate 
can 
be removed, 
but care 
must 
be exercised 
to prevent 
bending 
the wire 
leads on 
the encoder 
body. 
Pry slots are provided 
on the end plate 
circumference 
for 
easy 
opening. 
When 
the 
end 
plate 
is 
removed, 
a 
light 
source 
can 
be 
directed 
towards 
the 
encoder 
body 
and the shaft rotated 
to observe 
the change 
of state in the output 
channels. 
If the encoder 
body checks 
OK, and the wire leads are inspected, 
a new end plate can 
be 
snapped 
into 
place 
and 
the 
encoder 
retested. 
The 
removed 
end plate can then 
be inspected 
as described 
in 
incoming 
inspection 
procedures. 


Certain 
operating 
environments 
could 
have 
an adverse 
affect 
on 
the 
materials 
used 
in the 
manufacture 
of the 
HEDS-5000/6000. 
To 
allow 
the 
user 
to 
evaluate 
these 
situations, 
the following 
information 
on the generic 
mate- 
rial constituents 
of the encoder 
is supplied. 


For fhe encoder 
to serve as a useful 
function 
in a system. 
it 
must 
be interfaced 
correctly 
both 
mechanically 
and 
electrically. 


HARDWARE 


The flat ribbon 
cable 
supplied 
with 
the encoder 
is a cost 
effective 
cable for most applications. 
An unshielded 
cable 
can sustain 
relatively 
high 
levels of electromagnetic 
inter- 
ference 
without 
affecting 
the encoder's 
performance. 
On 
the other 
hand. 
this cable 
is constructed 
of solid 
copper 
wire which 
is not designed 
for repeated 
flexing 
or relative 
motion 
between 
the encoder 
body 
and connector. 
Figure 
12 illustrates 
the 
location 
of stress 
concentration 
during 
flexture. 
To 
avoid 
stress 
concentrations 
during 
relative 
movement 
or in a high vibration 
environment, 
it is recom- 
mended 
that the cable 
be tied 
down 
as shown 
in Figure 
13. The remainder 
of the cable should 
be mounted 
to min- 
imize 
repeated 
flexture 
in any 
specific 
area. 
Consult 
the 
factory 
for further 
information 
involving 
relative 
movement 
of the encoder. 


The 
standard 
HEDS-5000/6000 
is supplied 
with 
a 10-pin 
female 
insulation 
displacement 
type 
connector 
mounted 
on the 
ribbon 
cable. 
Table 
4 lists 
a few 
of the available 
mating 
connectors 
which 
may be utilized 
to interconnect 
the encoder 
to external 
circuitry. 
Consult 
the factory 
for 
alternative 
cable and connector 
options. 


• 


Part Number 


102154-1 
102160-1 


10-56-2101 
10-55-2101 


3446-2002 
3446-1002 


65962-001 


IDH-1O-S1 
IDH-10-SR1 


slightly more complex version which counts both transi- 
tions of a channel (2x) is sometimes useful. In all cases it 
is recommended that the digital output of the encoder be 
buffered by an LSTTL Schmitt trigger (74LS14). The use 
of a Schmitt trigger gate increases the fan out capabilities 
while lowering the system's susceptibility to errors caused 
by slow transition times of the encoder's output. 


The circuit depicted in Figure 14 provides an up or down 
pulse for every cycle. Due to the latched hysteresis con- 
figuration, the circuit avoids the multiple count problem 
which can occur in the event of a stationary shaft oscillat- 
ing slightly about a transition. 


Although some applications require the use of only one 
channel, i.e., tachometers or a unidirectional shaft rota- 
tion, 
the most common 
application 
will 
involve 
the 
integration (count) of the shaft position, and thus require 
the information from both channels to determine the direc- 
tion of rotation. The basic circuit counts cycles, while a 


Berg 


Robinson-Nugent 


By counting each transition of an output channel, the 
resolution 
can be increased to enable the distinction 
between the high and low states of the channel. The edge 
detection circuit shown in Figure 15 provides a pulse for 
each transition of channel A. The Exclusive OR gate tog- 
gles at twice the channel frequency of each channel, but 
when observed coincident with the negative slope of the 
edge detector output, its state corresponds to the direction 
of rotation. These two outputs can be used to drive the 
clock and control inputs of an Up/Down counter such as 
the 74' S168. 


BACKWARD 
CK 
CRl 
1 
~ 
'1---r-v~~~MAL 
f 
~-- 
------ 
-..c------------- 


CH.A 
11. 


., 
CLK 
1/674LS14 
10011 


TO COUNTER 
(74LS''') 


., 
UfO 


CH.B 


1/674L$14 


The 
approach 
used 
for 
interfacing 
to 
a 
microprocessor 


could 
vary depending 
on the design 
requirements. 
An inter- 
rupt 
driver 
routine 
is simple 
to implement 
and is suitable 
for 
lower 
speeds. 
Using 
a programmed 
input 
routine 
can 
lead 


to 
a 
minimum 
hardware 
design 
and 
can 
accommodate 
higher 
rotational 
velocities. 
For 
very 
high 
velocities 
the 
encoder 
output 
can 
be 
buffered 
to 
a hardware 
counter 
before 
being 
input 
to the microprocessor. 


Interrupt 
Driver 
Design 


Interrupt 
Routine: 
Input 
channel 
A & B into 
Accumulator. 
Mask 
all but bits 0 & 1. 


IF Accumulator 
= 1 or 2. 


THEN 
Increment 
count 
register. 


ELSE 
Decrement 
count 
register. 


• 


Utilization of the overflow flag enables the designer to 
increase the effective counter width to fill his maximum 
count requirement. 


Programmed Input: The sampling of the decoder outputs 
and the decode algorithm are written as an integral part of 
the program flow thus eliminating the time overhead asso- 
ciated with interrupt routines. Since the sampling is now 
independent of the encoder transitions, the shaft velocity 
must be limited, to enable the processor to sample the 
encoder at least once per output logic state. 


The maximum velocity can be computed as follows: 


1. The minimum state width is required to be longer than 
the program cycle. 


Ts =Nominal state width time at 
maximum frequency 


f>.Smaximum is estimated using the methods outlined in 
the "Design Considerations" section. Since f>.Sis also a 
function of frequency, a first guess at the frequency should 
be assumed and a second iteration might be required (for 
very fast program cycles) to converge the result and the 
assumption. 


Example: A motor which is required to run at speeds up to 
600 R.P.M.:The estimated state width error is 45 electrical 
degrees. Compute the maximum sampling period. 


f = (6~ri) 500= 5 KHz 


';';0.05 (1- :~) 
msec 


The maximum allowable time between input samples is 25 
Ilsec. 
The total program cycle should not exceed that 


number if none of the encoder's counts are to be missed. 


A programmed decode routine should have the previous 
state stored in memory. After the present state is input, a 
decision can be made on the direction of rotation (if any). 
This can be handled by accessing a look up table at a 
location determined by the two bit word representing the 
previous state, and whose content is the expected word for 
the next state in a clockwise rotation. 


BUFFERED DESIGN 


The level of buffering will depend upon the ratio of the 
encoder's frequency and the microprocessor 
sampling 


frequency. 


The single stage memory element (Flip-Flop) described in 
Figure 15 will increase the maximum allowable encoder 
frequency by a factor of approximately 2.5 and still enable 
the counting of 2 transitions per cycle. 


To achieve higher shaft velocities, the encoder can be buf- 
fered by an up/down counter. The parallel counter word is 
accessed by the microprocessor. 


elK 


1/274LS74 
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An optical 
incremental 
shaft 
encoder 
is a cost 
effective, 


reliable 
component 
for measuring 
shaft position. 
Since 
its 
output 
is a pulse for every 
increment 
of rotation, 
external 
circuitry 
is required 
to integrate 
the pulse train and indicate 
the shaft's 
position. 


The circuitry 
presented 
in Figure 
17 translates 
the encod- 
er's 
output 
into 
the 
inputs 
required 
by 
an 
Up/Down 
counter. 
The count 
resolution 
is two times the code wheel 
count. 


APPENDIX 
A 
ENCODER 
SELECTION 


Provides 
a binary 
"word" 
for 
each position. 
Each bit requires 
a separate 
optical 
channel. 


The resolution 
is equal to the 
number 
of output 
bits. 


Constantly 
retains the correct 
position 
information 
for one revolution. 
Not affected 
by power shut-off. 


Provides 
a pulse for each 


increment 
of shaft movement. 


Usually 
consists 
of two optical 
channels 
to enable the deter- 
mination 
of the direction 
of rotation. 


Lower cost than absolute 
due to the 
limited 
number 
of channels. 


Higher 
reliability. 


Encoded 
position 
not limited 
to one 
revolution. 
I 


NO. OF 
CHANNELS: 


Two output waveforms in 
quadrature. 


As in two channel, plus an 
output providing a single pulse 
or multiple pulses per revolution. 


All the information required for 
unidirectional applications. 


Provides information on direction of 
rotation. 
Can be integrated to obtain position. 


Provides an absolute indication of shaft 
position once per revolution. 
Can be used to reset position counters. 
Can be used as a third data channel. 


CONSTRUCTION: 


SELF- 
CONTAINED 
The encoder is supplied as a 
functional unit containing 
its own bearings and shaft. 


The encoder is supplied in kit 
form and assembled by the 
user on the system's shaft. 


Easy to use. 
Less assembly and testing required. 
Less affected by shaft eccentricity 
and loading. 


Lower cost. 
Smaller size. 
Less inertia and friction due to the 
elimination of the internal bearing. 
Does not require alignment of 
two shafts. 
Does not add torsional resonance 
between encoder and motor due to 
long shaft. 


ENCODING: 


DIRECT 
A slotted wheel interrupts the 
light path between a light source 
and a photo-detector. The spokes 
and slots on the wheel are as wide 
as the light beam. thus limiting the 
maximum resolution. 


A mask of a bar/slot pattern is 
placed on the photodetector. A 
code wheel which has a similar 
pattern is rotated in the light path. 
The light reaches the detector only 
when the slots on the code wheel 
and the mask line up. The resolu- 
tion is therefore limited only by the 
slot spacing on the mask and code 
wheel and not by the light beam 
diameter. 


Simple. 
Low cost. 


High resolution can be achieved 
without sacrificing detector size. 


OPTICS: 


NOT 
LENSED 
The 
light 
beam 
is allowed 
to 
diverge 
from 
the source. 
In this 
configuration 
the separation 
(gap) 


between 
the code 
wheel 
and the 


masked 
detector 
has to be very 
small 
in order 
to maintain 
suffi- 
cient 
light 
modulation 
on the 


detector. 


A lens focuses 
the emitted 
light 
on 
the code 
wheel. 
Any 
shaft 
play 
will 


move 
the code 
wheel 
from 
the 
optimal 
position 
increasing 
the 


beam 
size and thus 
reducing 
the 
modulation 
contrast. 


A lens collects 
the light 
from 


a small 
source 
and transforms 
it into a parallel 
pencil 
of light 
directed 
towards 
the code 
wheel 
and the masked 
detector. 


The 
light 
modulation 
is not 


sensitive 
to the code 
wheel-mask 
separation, 
allowing 
wider 
gap at 
higher 
resolution. 


Low 
cost, 
suitable 
for lower 
resolution 


encoder. 


Efficient 
light 
collection. 
Allows 
higher 
resolution 
than 
the non 
lensed 
design 
- 
when 
not using 
the 


Moire 
encoding 
method. 


Wider 
gap. Allows 
looser 
shaft 
play 


specifications. 
Allows 
higher 
resolution. 
Efficient 
light 
collection. 


LIGHT 
SOURCE: 


INCANDESCENT 


SOLID 
STATE 


A small 
light 
blub. 


A light 
emitting 
diode 
provides 
red or near infra-red 
light. 


Lower 
current 
consumption. 


Better 
reliability. 
Smaller, 
more 
consistent 
source 
enables 
better 
collimation. 


CODE 
WHEEL: 


GLASS 
The bar pattern 
is printec 
on 
a glass 
wheel. 


The pattern 
is composed 
of 
slots 
in a metallic 
disc. 


More 
resolution 
capability. 


Better 
cycle 
accuracy. 
Flat. 


Lower 
inertia. 


Higher 
Resolution/Inertia 
ratio. 


Pattern 
is scratch 
resistant. 


Rugged. 


I 


DIFFERENTIAL 
(PUSH-PU 
LL) 


A single 
detector 
per channel 
col- 
lects the modulated 
light. The 
resultant 
photo 
current 
is amplified 
by a single ended amplifier. 
Digiti- 
zation 
is accomplished 
by com- 
paring 
the amplifier 
output 
to 
a reference 
level (usually 
at half 
the peak value\. 
Any change 
in the 
light path, i.e., source 
degradation, 


will affect the symmetry 
of the dig- 
itized waveform. 


The mask pattern 
of two adjacent 
detectors 
is spaced 
so that a light 
period 
on one corresponds 
to a 
dark period 
on the other detector. 


The resultant 
currents 
are ampli- 
fied by a differential 
amplifier. 


Digitization 
is accomplished 
by 


comparing 
the outputs 
to each 
other. 


Stable waveform. 
Less affected 
by time, 


temperature, 
or alignment 
changes. 


The amplified 
triangular 
waveform 
is output 
to be 
digitized 
by external 
circuitry. 


The digitization 
occurs 
within 
the encoder. 


The output 
can be used for interpolated 
analog 
position 
feedback. 
Sometimes 
used also in velocity 


feedback. 


Interfaces 
directly 
to digital 
circuitry. 


Higher 
noise immunity. 
Simpler 
interconnect 
cable 
requirements. 


APPENDIX 
B 
SUITABLE 
DC MOTORS 


The use of encoded 
motors 
in position 
control 
applications 
often 
requires 
that the motor 
be specially 
fabricated 
to meet particular 
requirements 
with respect to torque, 
speed, diameter, 
shafts, housings, 
etc. 


It is not, therefore, 
practical 
to list to any significant 
extent 
all of the motors 
which 
may be utilized 
in 
conjunction 
with the HEDS-5000/6000. 


There are four mechanical 
motor shaft parameters 
which 
must be held within 
specified 
limits in order for 
the encoder 
to operate 
properly. 
These parameters 
are: 


Axial 
End Play 
Shaft Perpendicularity 
Shaft Eccentricity 
(run out) 


Radial Play 


Absolute 
maximum 
values 
for these 
parameters, 
along 
with 
recommended 
operating 
conditions, 
are 
specified 
in the HEDS-5000/6000 
data sheet. 


As a resource 
for those who wish to obtain 
motors 
for evaluation 
of the HEDS-5000/6000 
performance, 
the 
vendors 
as listed 
in Table 
5 have 
been 
evaluated 
and 
samples 
have 
been 
found 
to 
meet 
the 
required 
data sheet specifications. 
There are many other 
manufacturers 
of motors 
suitable 
for use with 
the HEDS-5000 
and the HEDS-6000, 
as well as other 
motors 
from 
the listed 
manufacturers 
which 
are 
equally 
suitable. 


Servo-Tek 


Electro 
Craft 


Pittman 


Portescap 


Superior 
Electric 


Honeywell 


Harowe 


Maxon 


Bristol, 
CT 


Rockford, 
IL 


West Chester, 
PA 


Burlingame, 
CA or 
or Sachseln, 
Germany 
Germany 


Sierra Vista, AZ 


Elk River, MN 


Hawthorne, 
NJ 


Hopkins, 
MN 


Harleysville, 
PA 


West Caldwell, 
NJ or 
2300 La Chaux-de-Fonds, 
Switzerland 


Worcestor, 
PA 


Clifton 
Heights, 
PA 


Faulhaber 


Inland 
Motors 


Dynetic 
Systems 


Transcoil 


Clifton 
Precision 


In reviewing 
motor 
data sheets, it will be found 
that size is well specified; 
however, 
motor vendors 
rarely 
specify 
the 
previously 
mentioned 
mechanical 
parameters 
in 
their 
data 
sheets. 
Dialog 
with 
the 
manufacturer 
will be necessary 
in order to obtain 
data on motor 
shaft parameters. 


Some suppliers 
oller 
sleeve bearings 
or pre-loaded 
ball bearings 
for securing 
the shaft. 
Pre-loaded 
ball 
bearings 
improve 
the 
shaft 
parameter 
values 
and 
may 
be required 
in order 
to achieve 
the 
desired 
specifications. 


The encoder 
mounting 
requirements 
must 
be communicated 
to the motor 
vendor 
to ensure 
correct 
aiignment 
of the 
encoder. 
This 
may 
require 
that 
an additional 
mounting 
plate 
with 
screw 
holes 
be 
machined 
for the motor. 


Testing 
for 
axial 
end 
play, 
shaft 
perpendicularity, 
shaft 
eccentricity, 
and 
radial 
play 
is necessary 
to 
determine 
acceptance 
of motors 
to incoming 
inspection 
criteria. 
The user should 
be sure that the test 
conditions 
represent 
the requirements 
of the HEDS-5000/6000 
encoder. 
For example 
the code wheel 
is 
placed 
approximately 
10 mm from 
the mounting 
surface 
when 
the encoder 
is assembled. 
Therefore 
perpendicularity, 
eccentricity, 
and radial 
play measurements 
should 
be made 10 mm from 
the mount- 
ing surface. 


APPENDIX 
C 
MOTOR 
SHAFT 
PARAMETERS 
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Methods Of Legend Fabrication 


INTRODUCTION 
Hewlett-Packard 
LED 
Light 
Bar 
Modules 
inscribed 
with 


fixed 
messages 
or symbols 
can be used to construct 
eco- 
nomical 
annunciators. 
Annunciators 
can 
be 
used 
in 
a 
variety 
of ways; to convey 
the status of a system, to indicate 
a selected 
mode of operation, 
or to indicate 
the next step in 
a sequence. 
Light 
bars are available 
in 5.08 mm x 10.16 mm 


(0.2 
inch 
x 0.4 
inch), 
5.08 
mm 
x 20.32 
mm 
(0.2 
inch 
x 


0.8 inch), 
10.16 mm x 10.16 mm (0.4 inch 
x 0.4 inch), 
and 
10.16 mm 
x 20.32 
mm 
(0.4 inch 
x 0.8 inch) 
sizes 
and 
in 
either 
single 
surface 
or multi-segmented 
form. 
Light 
bars 
can 
be easily 
installed 
in front 
panels 
using 
the 
Hewlett- 
Packard 
Panel 
and 
Legend 
Mount 
(HLMP-2598, 
-2699, 


-2898, -2899). 


This 
application 
note discusses 
alternative 
ways the mes- 
sage 
or symbols 
(legends) 
can 
be designed. 
A selection 
matrix 
is then provided 
to assist in the selection 
of the most 
appropriate 
method 
of legend 
fabrication. 
Each fabrication 
method 
is explained 
in detail 
along 
with 
mounting 
and 
attachment 
techniques. 
Finally, 
prevention 
of cross-talk 
is 
discussed 
for legend 
areas of a multi-segmented 
light 
bar 


LEGEND 
DESIGN 


Format 
The two basic 
legend 
formats 
are shown 
in Figure 
1. Dark 
field 
format 
consists 
of 
a transparent 
message 
with 
an 
opaque 
surround. 
Dark field 
formats 
are typically 
used to 
display 
a message 
that conveys 
routine 
information, 
such 
as the next step in a sequence 
or a selected 
mode of opera- 


tion. 
Light 
field 
format, 
the inverse, 
consists 
of an opaque 
message 
with a transparent 
surround. 
The transparent 
sur- 
round 
permits 
a maximum 
amount 
of emitted 
light to catch 
the eye of an observer. 
Light field formats 
are typically 
used 


to 
indicate 
critical 
messages, 
for 
example, 
when 
a tank 
nears empty 
and needs to be refilled. 


Font 
Easy-to-read 
bold 
faced 
characters 
or symbols 
are more 


"*':0'1] 
TRANSPARENT 
LEGEND WITH 
OPAOUE 
SURROUND 


OPA~UE 
LEGEND WITH 
TRANSPARENT 
SURROUND 


desirable 
than light faced characters 
or symbols 
(Figure 
2). 


Suggested 
type 
faces 
are Helvetica, 
Futura 
Demi-Bold 
or 


Univers 
65. 


The size of the characters 
in the legends 
are directly 
related 


to the 
distance 
at which 
they 
are viewed. 
The 
following 


table, 
based 
on 
normal 
visual 
acuityl'!, 
shows 
character 
height 
necessary 
to comfortably 
read the display 
from var- 
ious distances. 


Viewing 
Distance 
Min. Character 
Height 
Metres 
(Feet) 
mm (Inch) 


113.3) 
1.45 (0.06) 


2 \6.6! 
2.91 10.111 


319.91 
4.36iO.17J 


4113.2' 
5.8210.23, 


Note: 1. Character Height (mml ~ Viewing Distance 1m) x 1.454 


Visual activity ~ 5 minutes of arc for 20/20 vision 
Tangent of 5 minutes of arc ~ 1.454 x 10-3. 


C: 
I 


BOLDFACED 


Front 
Panel Appearance 
If it is desirable to conceal the messagewhen the device is 
OFF, a Dead Front can be employed. A Dead Front can be 
achieved by placing a low transmission filter over the dis- 
play to reduce contrast between off segments and the 
background of the legend. It may also be necessary to 
reduce the color difference between off segments and the 
background by using transparent and neutral density gray 
areas to form the legend. In this case, the transparent por- 
tions of the legend as they reflect ambient light in the OFF 
condition will appear similar in color to the neutral density 
gray. In the ON condition, the illuminated transparent areas 
of the legend will contrast vividly with the neutral density 
gray. 


In many cases it may be desirable for the observer to be 
aware of the message in both the ON and OFF state. This is 
achieved by using a higher transmission filter 
and/or 
legend areas with a large color difference, such as black 
and transparent areas. In the OFF state the background 
area will have a recognizable color difference from the 
transparent area and the messagewill be readable. 


SUMMARY 
AND COMPARISON 
OF 
LEGEND 
GENERATION 
TECHNIQUES 
Two basic methods can be used to fabricate legends for 
light bar modules. The first involves engraving directly on 
the front surface of the light bar and filling the engraved 
area with opaque enamel. The second method involvesfab- 
ricating a thin film legend such as an exposed photo- 
graphic film, silkscreened polycarbonate film, prefabricated 
adhesive film or instant lettering. These thin film legends 
are applied to the light bar with the Hewlett-Packard Panel 
and Legend Mount, with double sided transparent tape or 


with adhesive backing. Figure 3 shows the steps required in 
each fabrication method. 


Durability of the legend is often an important factor to the 
designer. The following tests have ben performed on sam- 
ples of each of these legend fabrication methods, where 
applicable: 


Temperature Cycling: 
100cycles from -40°C to +85°C 
15 min. at extremes, 5 min. 
transfer 


5 days, 90-98%RH, -10°C to 
+65°C non-operating 


Maximum dynamometer 
deflection at constant 
rate of peel (12"/minute) 


2 years simulated UV exposure 
under QUV® weathering 
equipment 


Freon, Methanol, Isopropanol 
Alcohol, Water 


Table 2 shows results of these tests and also provides 
information on relative costs. 


ARTWORK 
FABRICATION 
ATTACHMENT 
MOUNT 


ENGRAVING 
INK 
FilL 


PANEL 
MOUNT 


EXPOSE 


FILM 
SHEETS 
OF 
FilM 


PC 
BOARD 


ADHERE 
SCREEN 
GENERATE 
STENel 
L 
SllKSCREEN 
ARTWORK 
TO 
AND 
BOND 
TRIM 


SCREEN 
CURE 


PREFAB 
VENDOR 
WITH 
ADHESIVE 
FABRI- 


BACKING 
CATION 


PURCHASE 
ADHERE 
I 


INSTANT 
INSTANT 
TO 
PROTO- 
LETTERING 
LETTERING 
LIGHT 
TYPE 
BAR 


Format/Mounting 
Durebllity 
Relative Cost 


Legend 
HP Panel 
Fabrication 
Dark 
Ught 
D.ad 
and Leg.nd 
Abraalon 
Temp. 
P6el 
Solv.nt 
S.t-Up 
Manufacturing 
Method 
FIeld 
FIeld 
Front 
Mount 
R•••• tance 
Compatibility 
Strength 
Real.tance 
Cost 
Co.t 


Engralling 
X 
X 
X 
X 
Excellent 
Good 
High 
High 


Photographic 
X 
X 
X 
X 
X 
X 
Good 
Good 
Low 
Moo 
Low 


Silklcreen 
1 
X 
X 
X 
X 
1 
X 
Good 
Fair 
Med 
Moo 
Low 


Prefab wllhl21 
X 
X 
X 
X 
X 
X 
Good 
Good 
Low 
Low 
Adhesive Backing 


Inslant Lettering 131 
X 
X 
Poor 
Poor 
Low 
Med 


Set-Up 
Cost: 
Cost 
of 
original 
artwork. 
tools, 
equipment 
necessary 
to 
begin 
legend 
fabrication. 


ManUfacturing 
Cost: 
Cost of raw materials, 
and labor 
necessary 
to fabricate 
and 
assemble 
a legend 
on a light 
bar. 


Notes: 
1. 
Abrasion 
resistant only when back printed. 


2. 
For extreme 
ultra-violet 
exposure, 
Brady-Panel18 is the recommended 
fabrication 
method. 


3. 
Recommended 
for prototype 
applications 
only. 


ENGRAVING 
Engraving 
is recommended 
for high temperature 
and high 
humidity 
applications. 
It should 
be noted, 
however, 
that 
engraving 
is only appropriate 
for light field formats. 


Since 
small 
areas are to be engraved, 
such factors 
as type 
font, 
letter 
height 
and 
spacing 
between 
letters 
is 
very 
important. 
For 
smaller 
letters 
regular 
master 
type 
is 
recommended 
and for larger letters condensed 
master type 
is recommended. 
After 
the master 
type 
is set the light 
bar 
must be rigidly 
mounted 
in a vice which 
holds three sides in 
place and prevents 
the leads from 
bending. 


For best 
results 
a calibrated 
engraving 
machine 
is neces- 
sary 
to 
control 
depth 
of 
cut 
and 
alignment. 
Several 
manufacturers 
of engraving 
machinery 
and 
cutting 
tools 
are listed 
below: 


New Hermes 
Incorporated 
1711 Monarch 
Street 
Garden 
Grove, 
CA 92641 


(714) 898-9265 


1925 Roosevelt 
Avenue 
Racine, 
Wisconsin 
53406 


(414) 554-8880 


100 Nicks 
Rock 
Road 
Plymouth, 
Massachusetts 


(617) 617 746-6900 


The 
depth 
of cut 
should 
be only 
0.245 
mm 
(0.010 
inch) 


deep. 
Carbide 
cutters 
are recommended 
because 
they 
are 
extremely 
rigid 
and long 
lasting. 
The tool shape 
can either 
be a tapered 
shank 
cutter 
with 
a conical 
point 
(650 ± 50 


included 
angle) 
or a straight 
shank end mill. For visual bal- 
ance smaller 
letters 
need smaller 
width 
end mills and larger 
letters 
need 
larger 
width 
end 
mills. 
As a guide, 
for 
letter 
heights 
greater 
than 
or equal 
to 3.06 
mm 
(0.125 
inch) 
a 
0.382 mm (0.0156 inch) 
end mill is recommended. 


The end 
mill, 
although 
more 
fragile 
than 
a tapered 
cutter, 


offers 
some 
advantages. 
The shape 
of the end mill allows 
the operator 
to be less concerned 
about 
variations 
in cut- 
ting 
depth 
because 
the width 
of cut 
is dependent 
only 
on 


Lars Machine 
Inc. 
Gorton 


Richards 
Micro-Tool 
Inc. ('end 
mills only') 


the width 
of the end mill. When 
using the tapered 
cutter 
the 
operator 
must 
be careful 
to engrave 
at a constant 
depth 
because 
width 
of cut 
is dependent 
on depth 
of cut. 
Also, 


due to its shape, 
the tapered 
cutter 
may need to be reshar- 
pened 
more often 
than an end mill. If the tip of the tapered 
cutter 
becomes 
dulled 
the width 
of cut will 
increase 
whe- 
reas, if the tip of the end mill becomes 
dulled 
the width 
of 
cut will remain 
the same. 


Fill the engraved 
area with 
a viscous 
flat black 
enamel 
for 
best results. 
The following 
enamels 
are recommended: 


Gliddens 
908 Flat Black<!!l 
SCM Corporation 
All Purpose 
Enamel 
Gliddens 
Coatings 
and 
Resins 
Division 
801 Cantebury 
Rd. 


Westlake, 
Ohio 44145 


(216) 344-8000 


Benjamin 
Moore 
Co. 
51 Chestnut 
Ridge 
Rd. 
Montvale, 
NJ 07645 


(201) 573-9600 


Impervo-Flat 
Enamel<!!l 


Black 23581 


Rust-Oleum 
Matte 
Black<!!l 


7776 enamel-oil 
base 
Rust-Oleum 
Corporation 
11 Hawthorne 
Parkway 
Vernon 
Hills, 
IL 60061 


(312) 367-7700 


1711 Monarch 
St. 


Garden 
Grove, 
CA 92641 


(714) 898-9265 


Enamel 
is applied 
with a small 
brush 
(standard 
2 or 3), with 
a lintless 
wipe 
used 
immediately 
after 
to 
clean 
off 
the 
excess. 
The excess 
enamel 
should 
be kept away from 
the 
edges 
of 
the 
module. 
If, 
however, 
some 
enamel 
does 
become 
lodged 
along 
the 
border 
between 
the 
epoxy 


encapsulant 
and polycarbonate 
package, 
a solvent, 
such as 
Shell Sol BT-67<!!l manufactured 
by Shell Oil Company, 
can 
be applied 
with 
a lintless 
wipe to clean 
the edges. 
Finally, 


after 
the 
enamel 
is nearly 
dry, 
a lintless 
wipe 
dipped 
in 
methanol 
or isopropanol 
alcohol 
can be used to Ciean the 
module. 


New Hermes-Engravers® 
Enamel 
Black 30-450-35 


THIN 
FILM 
LEGENDS 


Legend Artwork 
All thin film methods except "instant lettering" require the 
generation of photo-reproducible 
artwork. For best results 
this artwork layout should be done carefully on an enlarged 
scale and then reduced. Since legends must be precisely 
placed on the face of the light bar. alignment marks should 
be included in the artwork. The legend artwork, shown in 
Figure 4a. contains alignment marks and notched corners. 
By making the legend 0.005 inch oversized on each edge. 
any slight misalignment that might occur during attach- 
ment will not be noticeable (Figure 4b). 
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Figure 4b. Legend Artwork with Overhang to Allow for 
Alignment 


PHOTOGRAPHIC 
PROCESS 
The photographic 
process is fast and relatively inexpen- 
sive. First, the artwork is reduced. stepped and repeated 
onto a master negative. Then, this master negative is used 
to expose each sheet of film in such a way that the legend is 
read through the film stock. Thus. when a legend is att- 
ached to a light bar the emulsion is in contact with the tape 
or epoxy encapsulant. Although the film stock protects the 
fragile emulsion from exposure or abrasion specular reflec- 
tion off the front surface is increased. 


Polyester based films which feature dimensional stability. 
high contrast, maximum optical density and a very low fog 


level are recommended. Two polyester based films have 
been tested and found satisfactory - 
Kodak Reproduction 
Film 45661@) 
and Kodalith Ortho Film type 3 45561@). 
Similar 
films can also be obtained from other manufacturers, such 
as Agfa Gavaert, GAF, or Dupont. Both recommended films 
have the same polyester base but different emulsions and 
development procedures. Kodak Reproduction Film, tradi- 
tionally 
used in line work reproduction. 
offers greater 
strength and less susceptibility to pin-holes. The Kodalith- 
Ortho film is more sensitive to pin-holes or dust. and has 
been traditionally used in half-tone reproduction. 


SILKSCREEN 


The Legend Substrate 
A thin untinted transparent film of polycarbonate or polyes- 
ter may be used as the legend substrate. A material that 
exhibits very good performance is 0.102 mm (0.004 inch) 
thick LEXANI@)Film No. 8010-112 manufactured by General 
Electric, Plastics Division. Speciality Plastics Department, 1 
Plastics Avenue, Pittsfield, 
Massachusetts 01201. Silk- 
screening paints and inks adhere very well to LEXANI@). 
LEXANI@)also exhibits very good dimensional stability with 
temperature variations. Polyester film, such as 0.102 mm 
(0.004 inch I Formula Type S MYLAR® produced by the E.!. 
Dupont 
de Nemours 
Company. 
Wilmington, 
Delaware 
19898, may also be used as a legend substrate, although 
specially formulated 
inks are required. Epoxy inks and 
acrylic inks should not be used on Polyester films because 
the ink does not adhere well to the film. 


The Silkscreenlng 
Ink 
Certain formulated inks, acrylic laquer type inks or epoxy 
inks may be used in the silkscreening process. Both poly- 
carbonate and polyester may be screened with GF 1401@). 
a 
formulated ink produced by General Formulations. 350 S. 
Union. Sparta. Michigan 49345.GF 1401@) 
is unusually tough 
and flexible. but due to its solubility characteristics special 
caution is required. The ink exhibits an extremely strong 
affinity for polyester and polycarbonate and other materials 
such as paper. Therefore. silkscreened film sheets should 
not be stacked on top of each other or stacked interleaved 
with paper until after the ink has been cured. 


Nazdar 70-111®,a modified acrylic-lacquer type ink, may 
also be used to print on polycarbonates. Nazdar inks are 
manufactured by the Nazdar Company, 1087 N. North 
Branch Street, Chicago. Illinois 60622. 


This ink is very easy to handle and to clean up. However, 
adhesion to the polycarbonate substrate is not as perma- 
nent as with the other recommended inks. One epoxy ink 
recommended for use only on polycarbonate films is the 
WORNOWINK® Series 50 with #9 catalyst produced by 
the Hysol Division, 
Dexter Corporation. 
15051 E. Don 
Julian Road, Industry. California 91749. After screening 
an epoxy ink will quickly air dry to a semi-hard state that 
permits the legends to be sheared or cut to size with- 
out any smearing. chipping or peeling. With epoxy basedI 
ink, care must be taken to add the proper amount of cata- 
.-.: 
Iyst. If too much catalyst is added the ink may continue 
to harden after the normal cure cycle. This hardening 
occurs over a period of several months and may cause the 
ink to become brittle. Thus, screened sheets may have a 
limited shelf life and should not be stored for a long period 
of time prior to light bar adhesion. When cured at elevated 
temperatures epoxy paints exhibit a high degree of abra- 
sion resistance and chemical resistance. 


Screen Mesh 
Ink thickness 
is determined 
by the screen mesh and to a 
lesser degree the height of the screen above the polycar- 
bonate sheet. The silkscreening 
process should produce a 
controlled 
ink thickness of 0.025 mm (0.001 inch). A thicker 
layer of ink may cause the legend substrate to curl or the 
ink to crack during temperature 
cycling. 
For each of the 
inks 
listed 
above 
the following 
screen 
mesh sizes are 
recommended: 


50/9 WORNOWINK 
GF 140 
Nazdar 70-111 


200 mesh 
200 mesh, 325 mesh 
325 mesh 


Printing 
Front printed legends are formed by screen printing the ink 
on the top side of the legends. When the legends are att- 
ached to the light bar the ink is exposed. Because the ink is 
exposed, front printed legends are not suited for abrasive 
environments. 
All the inks described above are suitable for 
front-printing; 
however, only one ink, GF 140, can be used 
for back printing. 


A back-printed 
legend is formed by screening the ink on 
the backside of the legends. Thus, when applied to a light 
bar, the ink is in contact with the tape, and the polyester 
film serves as a protective 
coating. 
Back-printed 
legends 
with GF 140 ink exhibit 
abrasion 
resistance and slightly 
stronger adhesion than front printed GF 140 legends. 


PREFABRICATED 
LEGENDS 
WITH 
ADHESIVE 
BACKINGS 


Some manufacturers 
sell custom constructed 
polycarbo- 
nate 
or 
polyester 
legends 
backed 
with 
an 
industrial 
strength 
adhesive. 
Brady 
manufactures 
Poly-Panel@, a 
material constructed 
from second surface printed polycar- 
bonate. Brady Poly-Panel@ comes in a variety of colors and 
textures. A shiny clear texture material transmits the most 
light, 
but 
increases 
specular 
reflections. 
Therefore, 
this 
material should only be used behind a filter. A velvet tex- 
ture, 
on the 
other 
hand, 
offers 
a diffused 
dead front 
appearance but at the cost of a greater attenuation of light. 
Brady Poly Panel@,thickness not to exceed 0.010 inch, can 
be ordered 
with B-196@ adhesive backing, 
a transparent 
unsupported 
acrylic pressure sensitive adhesive backing. 


The Brady Poly-Panel@ has no loss of properties 
due to 
abrasion or UV exposure. Data sheets with extensive relia- 
bility testing can be obtained from the manufacturer: 


W.H. Brady Co. 
Nameplate Division 
750 West Glendale Avenue 
P.O. Box 571 
Milwaukee, Wisconsin 53201 
(414) 332-7620 


Poly-panel with polycar- 
bonate substrate B-196 
adhesive thickness - 
0.005-0.010 inch 
texture - 
clear or velvet 


Instant lettering is a quick method of legend fabrication. 
It 
is usually limited to prototype applications, 
because under 
extreme temperature 
cycling and humidity 
testing notice- 
able bubbles may form. Also, the adhesive bond between 
instant lettering and the light bar is weak. 


Letraset, a manufacturer 
of instant lettering, offers a broad 
line of typefaces and symbols that are easy to apply. The 


letters or symbols are simply transferred 
to the light bar 
with a burnishing tool. To protect Letraset a polycarbonate 
sheet (see silkscreening 
section) may be attached over the 
instant letters. 


ATTACHING 
A LEGEND 
TO A 
HEWLETT-PACKARD 
LIGHT 
BAR 


Using the Legend In a Light Bar Panel and Legend Mount 
Hewlett-Packard 
Panel and Legend Mounts (HLMP-2598, 


-2599, -2898, -2899), are used to install light bars in front 
panels. A space has been provided for holding a 0.13 mm 
(0.005 inch I thin film legend over the front surface of the 
light bar. Legends should be trimmed to the size of the light 
bar prior to installation. 


Panel and legend mounts are convenient because no adhe- 
sive or tape is required to hold the legend in place. For 
more specific instructions 
on mounting techniques refer to 
the Hewlett-Packard 
Panel and Legend Mount data sheet. 


Tape 
All thin film legends, except those with adhesive backings 
can be bonded to the face of a light bar with an optically 
transparent 
tape. Two tapes which have been tested and 
found satisfactory are M69<!!>,produced by the Connecticut 
Hard Rubber Company, 407 East Street, New Haven, Con- 
necticut 
06509, and 
POLYKEN 
126<!!>produced 
by the 
Kendall Company, Poly ken Division, 1 Federal Street, Bos- 
ton, 
Massachusetts 
02101. These 
optically 
transparent 


tapes consist of a polyester film carrier with acrylic adhe- 
sive on each side and a release backing. The thickness of 
the adhesive and carrier combination 
is typically 0.102 mm 


(0.004 inch). Both tapes can be purchased 
slit to desired 
width and of the two tapes M69<!!>exhibits slightly stronger 
adhesion to the film substrate. 


LEGEND 
NOT 
PRESSED 
DOWN 
FIRMLY 
AGAINST 
THE 
FACE OF THE 
LIGHT 
BAA 


VOID 
BETWEEN 
LEGEND 
AND 
lED 
DEVICE 
CAuses 
LIGHT 
REDUCTION 
DUE 
TO FRESNEL 
LOSS 


NO VOID 
PRESENT: 
LEGEND 
PRESSED 
DOWN 
FI RMLY 
AGAINST 
FACE 
OF 
LIGHT 
BAR 
PACKAGE 


Figure 5. Securely Attached Legend Prevents Reduction ot 
Light Due to Fresnel Loss 


Bond 
The 
steps to bond 
legends 
without 
adhesive 
backings 
to 
the face of the light bar are: 


1. With release backing 
intact, apply the exposed 
adhesive 
side of the tape to the back side of the legend 
or front 
surface 
of the light bar with firm pressure. 


2. Remove the release backing. 
Align the legend to the face 
of the light 
bar and apply with firm pressure. 
It is impor- 
tant to ensure 
that there 
are no voids 
in the adhesive/ 
legend 
and adhesive/light 
bar interfaces. 
Voids 
in the 
adhesive 
interfaces, 
as illustrated 
in Figure 
5, reduce 
light 
transmission 
through 
the 
legend 
due 
to 
Fresnel 


loss and do not permit 
a secure 
bond to take place. 


3. Trim the legend 
to size with a pair of scissors 
or a small 
shear. (Figure 
6) 


4. 
For increased 
adhesion, 
oven 
cure 
the assembly 
at a 
temperature 
of 115°C 
(240°FI 
for4 
hours. 


Note: 
For legends 
with 
adhesive 
backings 
follow 
steps 2 
and 3 only. 


~ 
ANNUNCIATOR 


REDUCTION 
OF CROSS-TALK 
IN A 
MULTI-FUNCTION 
ANNUNCIATOR 


Some 
Hewlett-Packard 
Light 
Bars provide 
more than 
one 
light 
emitting 
surface 
within 
the same package. 
Each light 
emitting 
surface 
may be illuminated 
independently. 
A sin- 


gle 
multi-function 
legend 
may 
be 
applied 
to 
a 
multi- 


segmented 
light 
bar to form 
a small 
annunciator 
that 
is 
capable 
of displaying 
as many 
as four 
independent 
mes- 


sages or symbols. 


However, 
the 
legend 
substrate 
and 
the 
acrylic 
adhesive 
tend to act as light pipes. Some light travels from an illumi- 
nated 
area 
of 
the 
multi-function 
legend 
to 
adjacent 


non-illuminated 
areas, as illustrated 
in Figure 
7. This 
light 


leakage, called cross-talk, 
if severe enough 
can cause con- 


fusion 
between 
the 
ON 
and 
OFF 
status 
of the 
adjacent 
functions 
displayed 
by the legend areas. 


Cross-talk 
can be reduced 
by using 
dark field 
format 
and 
by printing 
on the back side of the legend 
substrate. 
Back 
side 
printing 
reduces 
the 
amount 
of 
emitted 
light 
that 
enters 
the substrate. 
Thus, 
the amount 
of light 
than 
can 
leak into adjacent 
legend areas is decreased. 


MULTI-FUNCTION 
LEGEND 
SllKSCREENING 
SUBSTRATE 


TRANSPARENT 
ADHESIVE 


LIGHT 
LEAKAGE 
PATH 
THROUGH 
BOTH 
THE 
LEGEND 
SUBSTRATE 
AND 
ADHESIVE 
V 


MULTI- 


CAVITY 
LIGHT 
BAR 


SILKSCREENING 
ON 


BACKSIDE 
OF LEGEND 


SUBSTRATE 


SELECTIVELY 
PLACED 
ADHESIVE 


Figure 7. Light Leakage (Cross-Talk) 
Between illuminated 
and 
Non-illuminated 
Porslons of a Mulll-Functlon 
Legend Bonded 
In a MUIll-Cavity 
Light Bar 
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Contrast Enhancement Techniques 
For LED Displays 


Readability is the most important feature of an electronic 
display system. Moreover, readability must be achieved in 
ambient lighting conditions ranging from darkness to bright 
sunlight. One of the major contributions 
to readability in 
bright ambients is the contrast between the "on" elements 
of a display and their background. This contrast isexpressed 
as a combination of luminance contrast and chrominance 
contrast. 


At Hewlett-Packard, a considerable amount of work has 
been done to define and understand the parameters that 
affect the luminance contrast and chrominance contrast of 
an LED display. We have expanded upon the work done by 
Jean Pierre Galves and Jean Brun and have determined 
new ways to calculate and optimize the values of the most 
relevant measure of a display's readability in bright am- 
bients, the "discrimination index".111 


One of the most readily available techniques to improve the 
"discrimination 
index" of a display is to use a carefully 
selected optical filter in front of the display. 


The first section of this application note will discuss con- 
trast enhancement techniques for indoor ambients where 
all Hewlett-Packard LED displays can be used. The second 
section will discuss specific Hewlett-Packard LED displays 
and contrast enhancement techniques for the difficult task 
of achieving good readability in bright sunlight ambients. 


SECTION 
1: FILTERING 
FOR INDOOR 
AMBIENT 
APPLICATIONS 


In dim to moderately bright indoor ambients readability can 
be obtained by optimizing luminance contrast. The objec- 
tive is to maximize the luminance contrast between the light 
emitting elements and the background while minimizing 
the luminance contrast between the non-illuminated 
ele- 
ments and the background. For LED displays, this can be 
achieved by: 


1. Designing the display package for low reflectance so 
that the luminance 
of the non-illuminated 
elements 
matches the luminance of the display package. 


2. Choosing a filter that transmits a maximum amount of 


LED light while attenuating the reflected light off the 
display package. 


3. Choosing a filter with low front surface reflectance for a 


given ambient lighting condition. 


On the other hand, to obtain readability in bright indoor and 
sunlight ambients the optimization of chrominance contrast 
as well as luminance contrast becomes important. Chromi- 
nance contrast refers to the color difference between the 
light emitting elements and the background. The optimiza- 
tion of chrominance contrast is more fully explained in sec- 
tion two while this section concentrates on the optimization 
of luminance contrast. 
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Figure 1. CIE Standard Observer Eye Response Curve 
(Photopic Curve), Including CIE Vivid Color Ranges. 


First, 
to obtain 
a better 
understanding 
of filtering, 
the more 


commonly 
used 
terms 
in 
contrast 
enhancement 
will 
be 


defined. 
Next, 
specific 
filter 
transmission 
recommendations 


for 
each 
LED 
color 
will 
be presented. 
Also, 
plastic 
versus 


glass 
filter 
materials 
and 
the effects 
of ambient 
lighting 
on 


luminance 
contrast 
will be discussed. 
Finally, 
recommended 
filter 
manufacturers 
and 
the 
materials 
they 
offer 
will 
be 


listed. 


DEFINITIONS 


Eye Response 
- Standard 
Observer 
Curve 


The 
Standard 
Observer 
Curve 
is 
important 
in 
contrast 


enhancement 
because 
the eye's 
sensitivity 
to light 
emitting 


sources, 
ambient 
lighting 
and 
display 
backgrounds 
is very 
dependent 
on the 
wavelengths 
of emitted 
or reflected 
vis- 


ible 
light. 
The 
eye response 
of a standard 
observer 
to var- 


ious wavelengths 
of light 
is shown 
in Figure 
1. The Standard 
Observer 
Curve 
was 
established 
in 1931 by the CIE (Com- 
mision 
Internationale 
De L'Eclairage) 
as the industry 
stand- 


ard for relating 
the total 
power 
(radiant 
flux) 
emitted 
from 
a 
source 
to the amount 
of power 
to which 
the eye is sensitive 


(luminous 
flux!. 
The curve 
is on a logarithmic 
scale 
and for 


reference 
various 
wavelengths 
of 
energy 
are 
labeled 
by 


color. 
As 
can 
be 
seen, 
the 
eye's 
response 
peaks 
in the 


yellow-green 
region, 
which 
means 
that 
per watt 
of radiated 
power 
a source 
in this 
region 
will 
have 
more 
lumens 
than 


sources 
of other 
wavelengths. 
The exact 
conversion 
factor 


at the peak (555 nm) is 680 lumens 
of luminous 
flux 
(1m) per 


watt 
of radiated 
power 
(W). 


Peak Wavelength 
and Filter Transmission 


The wavelength 
at the peak of the LED radiated 
spectrum 
is 


called 
peak wavelength 
(AP). Figure 
2 and Table 
1 show 
the 
typical 
LED radiated 
spectrum 
for four 
standard 
colors; 
red 


(Ap = 655 
nm), 
high 
efficiency 
red 
(Ap = 635 
nm), 
yellow 


lAp = 583 
nm) 
and 
green 
(Ap = 569 
nm!. 
All 
four 
standard 


colors 
fall in the region 
of visible 
light. 
The appropriate 
filter 


Table 1. 
LED Spectrums 
Normalized 
To One At Typical 


Peak Wavelengths 


wavelength 
Standard 
High 


(nm) 
Red 
Efficiency 
Yellow 
Green 
Red 


540 
.01 
.03 
545 
.02 
.05 
550 
.03 
.13 
555 
.05 
.33 
560 
.12 
.65 
565 
.24 
.87 
570 
.47 
1.00 
575 
.73 
.85 
580 
.92 
.67 
585 
1.00 
.55 
590 
.01 
.94 
.42 


595 
.03 
.78 
.33 
600 
.04 
.62 
.26 
605 
.01 
.12 
.48 
.18 
610 
.01 
.20 
.37 
.14 
615 
.03 
.40 
.28 
.11 
620 
.05 
.61 
.17 
.08 
625 
.13 
.78 
13 
.07 
630 
.20 
.96 
.11 
.05 
635 
.37 
1.00 
.08 
.04 
640 
.55 
.91 
.07 
.03 
645 
.75 
.81 
.06 
.03 
650 
.94 
.71 
.05 
.02 
655 
1.00 
.58 
.05 
.02 
660 
.96 
.45 
.04 
.01 
665 
.84 
.36 
.04 
.01 
670 
.72 
.27 
.03 
675 
60 
21 
.01 
680 
.47 
.15 
685 
36 
.12 
690 
.25 
.09 
695 
.21 
.05 
700 
.16 
.01 


HIGH 
PERFORMANCE 


GREEN 


I 


for use with any of these four colors is chosen according to 
its published transmission curve. Filter transmission curves 
exhibit relative transmittance vs.wavelength over the region 
of visible wavelengths. The relative transmittance of a filter 
with respect to any particular wavelength is defined as: 


Luminous Flux with Filter at 
wavelength Ap 
Relative Transmittance T(A)= Luminous Flux without Filter 


at wavelength Ap 


If a particular optical filter has a fairly constant transmission 
over the LED radiated spectrum, then the transmission at 
the peak wavelength may be used to estimate the amount 
of display emitted light that passes through the filter. For 
example, if a filter hasa relatively flat transmittance of 60%at 
a given Ap, then approximately 60% of the display emitted 
light will pass through the filter to the observer and 40% 
will be absorbed. In actuality, the display emitted light pass- 
ing through a filter (U is an integral that is the product of 
several functions. As defined by the following equation, the 
Standard Observer Curve and LED Spectrum must be inte- 
grated with the filter transmission curve. 


L = J £(A)Y(AIT(AI dA 
(1) 


Where£(A) = radiated spectrum of the illuminated light 
emitting element (SeeTable 1) 


Y(A)= the 1931CIE photopic curve 


(SeeWyzecki & Stiles, Color Science) 


T(A)= relative transmission characteristic of the filter 


(Supplied by Filter Manufacturer) 


As shown in Figure 3, if the slope of the filter transmission 
curve changes rapidly in the region of the LED radiated 
spectrum, then the transmission at the peak wavelength will 
no longer be an accurate estimate of display emitted light 
that passesthrough the filter. On the other hand, for a more 
constant transmission, as also shown in Figure 3, the esti- 
mate is fairly accurate. 


1.0 


.90 


.80 


w 
.70 


u 
Z 
.60 
" 
•... 
•... 
.50 
a 
.40 
z 
" 
a: 
.30 
•... 


.20 


.10 


0 
500 
700 
740 


Figure 3. Comparison Between Two Long Pass Red Filters lor 
Use with Hlgh-Elficiency 
Red Displays. 


Filter Characteristics 
Which 
Determine 
Light Transmission 


As mentioned in Peak Wavelength and Filter Transmission, 
filters are chosen according to their published transmis- 
sion curves which exhibit relative transmittance vs. wave- 
length over the region of visible light. 


For any filter, the total transmitted light is equal to the LED 
emitted light less the light absorbed within the filter and the 
light reflected at the filter-to-air interfaces. 


The relative absorption characteristics are determined by 
the dye color and dye concentration while the reflectance 
characteristics are determined by the index of refraction of 
the filter material. Since the index of refraction is nearly a 
constant, dye coloring and dye concentration are varied to 
obtain the appropriate transmission at any given wavelength. 


When choosing a filter or molding your own material, it is 
important that the dye color and dye concentration 
are 
carefully controlled so that the internal transmission char- 
acteristics are consistent from one filter to another. Internal 
transmittance can be considered the LED emitted light 
minus the light absorbed within the filter material. Thus, the 
formula for the LED light transmitted 
through 
the filter 


becomes: 


Luminous flux 
Luminous flux 
Luminous Flux 


with filter at 
= internally transmitted -reflected at filter- 


wavelength Ap 
through the filter 
to-air interfaces 


T (AI 
Ti(A) 
R(A) 
(2) 


If the dye coloring is held at a constant density, the internal 
transmission through the filter material at any given wave- 
length Ti(Ap),is an exponential function of the thickness of 
the material 
(Internal 
Transmission) 


where: x = The quantity 
of unit thicknesses of filter 


material. 


e = 2.71828 
a = Absorbtion coefficient and is equal to -In<tl 


where t is the internal transmission for a unit 
thickness. 


As shown in Figure 4, the internal transmission through 1.0 
mm thickness of IiIter material is0.875at awavelength of 655 
nm. The same filter material at a thickness 01 2.5 mm has a 
relative transmission of 0.716. 


-In (0.875)= 0.1335 = a 


T = e-j·133S)(2.51 
= 0.716 


Light that is not internally transmitted through the filter or 
absorbed within the filter material is reflected at the filter-air 
interfaces. The amount of reflected light is dependent upon 
the index of refraction of the filter material as compared to 
the index of refraction for air. Mathematically, 
the per- 
centage of reflected light is given by the following ratio: 


R= (~,':~~r 
(4) 


where: n, = Index of refraction of the filter material. 


n2= Index of refraction for air = 1.0. 


It is important to choose a filter with a homogeneous index 
of refraction. As shown below, a plastic filter with an aver- 
age index of refraction equal to 1.5,for the range of wave- 
lengths encompassing the LED's radiated spectrum will 
reflect 4% of the normal incident light at each filter/air 
intertace. 


R = 
(1.5-1.0)2 


1.5+ 1.0 


R = 
0.04 


Since there are two filter-air interfaces, the percentage of 
LED light lost due to reflection for a filter with an internal 
transmittance of 0.875 is 7%. Therefore, the total transmit- 
tance through the filter according to equation (2) is 0.805 
(0.875- 0.07= 0.805!. 
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Figure 4. 
Variation In Relative Transmittance vs. Thickness fora 


Constant Density Filter Material. 


LED emitted light 
lost due to reflection 
loss at 1st 
loss at 
interface + 2nd interface 


0.04 + (0.96)(0.875)(0.04) 


0.04 + 0.03 


0.07 


In addition to attenuating a portion of the light emitted by 
the display. a filter also shifts the perceived color of the 
LED. For a given LED spectrum, the color shift depends on 
the cut-off wavelength and shape of the filter transmission 
curve. A choice among available filters must be made on 
the basisof which filter and LED combination is most pleas- 
ing to the eye. 


Luminance 
Contrast 


Conceptually, the luminance contrast is the observed bright- 
ness of the illuminated element compared to the brightness 
of the surround. The brightness of the illuminated element 
is the combination of the emitted light and the ambient light 
reflected off the element, while the brightness of the back- 
ground is due only to reflected ambient light. 


Display 
Luminance 
Contrast 


For a display without a filter, the luminance contrast ratio 
can be considered the sterance (intensity/unit area) of the 
illuminated element plus the ambient light reflected off the 
element divided by the sterance of the ambient light reflected 
off the background. 


Luminance 
Contrast 
CR = 


Ratio 


LvS+ LvOFF 
LvB 


Where LvS 
= Sterance of illuminated element 
LvOFF = Sterance of light reflected off the element 
LvB 
= Sterance of light reflected off the 
background 


Mathematically: 


LvS 
= JQ (,,)y(,,) d" 


LvOFF = J X(")Y(,,)RQ(,,)d,, 


LvB 
= J X(")Y(,,)RB(,,)d,, 


where Q(,,) = radiated spectrum of the 
illuminated 
light 
emitting element (SeeTable 1) 


y(,,) = the 1931CIE photopic curve 


(SeeWyzecki & Stiles, Color Science) 


XI,,)= radiated spectrum of the ambient light source 


(SeeWyzecki & Stiles, Color Science) 


RQ(,,)= relative reflection characteristic 
of the light 
emitting element (See Figures 24 and 35) 


RB(")= relative reflection characteristic 
of the sur- 
rounding background (See Figures 24 and 35) 


When designing a display for optimum luminance contrast, 
two conditions must be considered. First, it is desirable to 
have as large a contrast ratio as possible between the illum- 
inated 
elements 
and 
the 
surrounding 
background 


(CON= LvS/LvBY1).This is achieved by choosing a back- 
ground with low reflectance. Second, it is desirable to min- 
imize the contrast ratio between the non-illuminated light- 
emitting 
elements and the background, 
both of which 
reflect ambient light (Coff= LvOFF/LvB= 1l. This second 
condition 
is achieved by choosing 
a background 
that 
nearly matches the reflective characteristics and color of 
the non-illuminated 
elements. Thus, the non-illuminated 
elements will blend into the background in the off condition 
and in the on condition the eye will not be confused as to 
which elements are illuminated. For example. HP stretched 
segment displays for indoor applications are designed such 
that the painted surrounding package matches the reflected 
luminance and color of the tinted epoxy segments. Another 
type of stretched segment display has been designed for 
high ambient applications. This display package is painted 
gray to match the luminance and color of the untinted 
segments. 


Enhancement 
of Luminance 
Contrast 
- 
Filtering 


The purpose of filtering is to create a high value of lumi- 
nance contrast by reducing the luminous sterance of the 
background to a level that is far less than the luminous 
sterance of the illuminated segments. Wavelength filters 
increase contrast by passing the wavelengths of LED emit- 
ted light while partially absorbing other wavelengths of 
ambient light. Neutral density filters increase contrast by 
attenuating ambient light twice, as it enters the filter and 
after reflection, whereas the LED emitted light is attenuated 
only once. 


CONTRAST 
RATIO 
= 


EMITTED 
LIGHT 
+ REFLECTED 
liGHT 


REFLECTED 
LIGHT 
• 


When 
a filter 
is placed 
in front 
of a display, 
the 
luminance 


contrast 
equation 
(5) is altered 
due to two effects. 
First, the 
sterance 
of the illuminated 
elements 
and the background 
is 
attenuated 
by the 
filter. 
Second, 
the eye adds 
the 
ambient 
light 
reflected 
off 
the front 
surface 
of the 
filter 
to both 
the 
illuminated 
elements 
and 
the 
background. 
Therefore, 
as 
shown 
in Figure 
5, the 
luminance 
contrast 
ratio 
for a light 


emitting 
display 
with 
a filter 
can 
be expressed 
as: 


Luminance 
LvS + LvOFF + LvF 
Contrast 
CR = 
------- 
(6) 


Ratio 
LvS + LvF 


Where 
LvS 
= Sterance 
of illuminated 
element 
through 
the filter 


LvOFF 
= Sterance 
of light 
reflected 
off the element 
through 
the filter 


LvS 
= Sterance 
of 
light 
reflected 
off 
the 
back- 


ground 
through 
the filter 


LvF 
= Sterance 
of light 
reflected 
off the filter 


Mathematically: 


LvS 
= J £(A)YU"lT(A) 
dA 


LvOFF 
= J X(AIY(A)T(A)2R 
(AidA 


LvS 
= J X(A)Y(AIT(AI2RB(AldA 


LvF 
= J X(A)YIA)RF(A)dA 


where 
£(AI = radiated 
spectrum 
of 
the 
illuminated 
light 
emitting 
element 
(See Table 
1) 


ViA) = the 
1931 CIE photopic 
curve 


(See Wyzecki 
& Stiles, 
Color Science) 


TIA) = relative 
transmission 
characteristic 
of the filter 


(Supplied 
by Filter 
Manufacturerl 


X(A) = radiated 
spectrum 
of the ambient 
light 
source 


(See Wyzecki 
& Stiles, 
Color Science) 


R£IA) = relative 
reflection 
characteristic 
of 
the 
light 
emitting 
element 
(See 
Figures 
24 and 351 


RB(A) = relative 
reflection 
characteristic 
of 
the 
sur- 


rounding 
background 
(See 
Figures 
24 and 351 


RF(A) = relative 
reflection 
characteristic 
of 
the 
filter 


front 
surface 
(See Table 
5 and 
Figure 
37) 


As 
exhibited 
by 
the 
luminance 
contrast 
equation 
display 
readability 
is greatly 
affected 
by the amount 
and direction 
of 


ambient 
light 
reflected 
back into the observer's 
eyes (LvF). 
If 
too 
much 
ambient 
light 
is reflected 
back 
into the observer's 


eyes, the luminance 
contrast 
ratio 
will approach 
a value 
of 1 
and the illuminated 
elements 
will 
be masked 
from 
view. The 


reflected 
ambient 
light, 
LvF, is determined 
by both 
the filter 
material 
and the front 
surface 
texture. 


For dim 
to moderate 
ambients 
a textured 
surface 
may 
be 


advantageous 
to diffusely 
scatter 
any specular 
reflectances 


from 
nearby 
light 
sources. 
However, 
care 
must 
be exer- 
cised 
when 
choosing 
the amount 
of front 
surface 
texture. 
It 
should 
be remembered 
that 
both 
the 
incident 
ambient 
and 
display 
emitted 
light 
will 
be diffused. 
Therefore, 
to prevent 
the 
display 
image 
from 
appearing 
too 
blurred, 
the 
filter 
should 
be 
mounted 
as close 
as 
possible 
to 
the 
display. 
(d<1/4") 


If higher 
levels 
of ambient 
light 
may be present 
from 
a light 


source 
or 
nearby 
window, 
the 
front 
surface 
should 
have 
only 
a very slightly 
textured 
finish. 
Due to the larger 
quanti- 


ties 
of 
incident 
ambient 
light, 
too 
coarse 
a texture 
will 


create 
a large 
amount 
of scattered 
diffuse 
glare 
and 
obs- 


cure 
view of the display. 
As explained 
later 
in Front Surface 


Reflectance 
and 
Filters for Contrast 
Enhancement-Seven 


Segment LED Displays, the other 
option 
in higher 
ambient 


light 
levels 
is to 
use 
an 
untextured 
surface 
and 
cant 
the 


filter 
slightly 
forward 
such 
that 
specular 
reflectances 
are 


directed 
downward, 
away 
from 
the eyes 
of the observer. 


Typical 
Lighting 
Levels 


The 
level and spectrum 
of ambient 
lighting 
affects 
the lum- 


inance 
contrast 
of any display 
and filter 
assembly. 
Accord- 
ing to the IES lighting 
handbook, 
the following 
illumination 


standards 
are 
typical 
for 
tasks 
performed 
indoors; 
25-75 


footcandles 
for passageways 
and active 
storage 
rooms, 
75- 
200 footcandles 
for desk 
work 
and 
up to 1000 footcandles 


for extra 
fine 
bench 
or machine 
work. 
211n this 
application 


note, 25-75 footcandles 
ambient 
illumination 
will be referred 
to 
as 
dim 
ambients, 
75-200 
footcandles 
as 
moderate 


ambients 
and 
250-1000 
footcandles 
as 
bright 
ambients. 


Illumination 
levels 
can be easily 
measured 
with 
a calibrated 


color 
corrected 
light 
meter. 
Some 
commercially 
available 


light 
meters 
are the Gossen Panlux Electronic Luxmeter, the 


Spectra Lumicon and the Sekonic L398. For indoor 
applica- 


tions, 
the 
spectrum 
of 
ambient 
lighting 
can 
vary 
from 


fluorescent 
to incandescent 
or even sunlight 
from 
a nearby 


window. 


Figure 
2 shows 
the radiated 
spectrum 
for a typical 
standard 


red, high efficency 
red, yellow 
and green 
LED and Figures 
6 


through 
10 along 
with 
Table 
2 
summarize 
the 
recom- 
mended 
filter 
transmission 
curves 
for each 
of these 
colors. 


Filters 
with 
similar 
characteristics 
are commercially 
availa- 
ble and specific 
manufacturers 
are listed 
in Tables 
3 and 4. 


For all colors 
there 
are three 
recommended 
curves: 
one for 


dim 
ambients, 
another 
for moderate 
ambients 
and finally 
a 


third 
curve 
for 
bright 
ambients. 
The 
curves 
for 
moderate 


and 
bright 
ambients 
have 
a lower 
transmission 
to further 


reduce 
the greater 
amount 
of reflected 
ambient 
light 
off the 


display 
background. 
In the 
following 
section 
the 
reasons 


for specifying 
a particular 
transmission 
curve 
for each 
LED 


color 
are explained. 


Filtering 
Standard 
Red Displays 
(Ap = 655 nm) 


In dim to moderate 
ambients, 
filtering 
out reflected 
ambient 


light 
from 
red displays 
is easily 
accomplished 
with 
a long 


wavelength 
pass filter 
having 
a sharp 
cut-off 
in the 600 nm 


to 630 nm range 
lsee 
Figure 
61. This 
long 
wavelength 
pass 


filter 
absorbs 
the 
shorter 
yellow, 
green 
and 
blue 
wave- 


lengths 
while 
passing 
the red wavelengths 
and those 
longer 


wavelengths 
to which 
the eye is not very sensitive. 
In brigh- 


ter 
ambients, 
above 
200 footcandles 
a gray 
filter 
with 
18- 


25% 
transmission 
is 
recommended 
(See 
Figure 
101. 
As 


explained 
later 
in Filtering in Bright Sunlight Ambients, 
the 


gray 
filter 
increases 
readability 
in 
brighter 
ambients 
by 


enhancing 
the 
color 
contrast 
between 
the 
illuminated 
ele- 


ments 
and the background. 


Filtering 
High 
Efficiency 
Red Displays 
(Ap = 635 nm) 


In dim 
to moderate 
ambients, 
the use of a long 
wavelength 


pass 
filter 
with 
a cut-off 
in the 570 to 600 nm 
gives 
essen- 
tially 
the 
same 
results 
as obtained 
when 
filtering 
red 
dis- 


plays 
(see Figure 
71. The 
resulting 
color 
is a deep 
reddish 


orange. 
If several 
displays 
are to be assembled 
in a line, the 


particular 
red filter 
should 
be chosen 
carefully. 
Many 
red 


filters 
have a sharp 
cut off 
in the 610-640 
nm 
range, 
which 


falls in the same region as the peak wavelengths 
of high 


efficiency 
red LEDs. As explained in Peak Wavelength and 
Filter Transmission 
this sharp cut-off 
may cause an LED 
with a peak wavelength of 640 nm to pass much more LED 
emitted light through the filter when compared to an LED 
with a peak wavelength of 630 nm. If the cut-off is too sharp, 
the eye may perceive intensity mismatches between these 
light emitting 
elements. Two possible filtering 
techniques 
can be employed 
to minimize 
intensity variations. 
First, a 


red filter can be used which exhibits 35-50% transmission 
and a relatively flat transmission 
curve in the 620-640 nm 


wavelength 
range (see Figure 7). Or, second, a gray filter 


that has a constant 18-25% transmission 
across the visible 


spectrum can be used (see Figure 101.Gray filters with 18- 
25%transmission are also recommended for bright ambients 
above 200 footcandles. 
As explained 
later in Filtering 
in 
Bright Sunlight Ambients the gray filter increases readabil- 
ity in brighter 
ambients 
by enhancing 
the color contrast 


between the illuminated elements and the background. 
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Figure 6. Typical Transmittance Curves lor Filters to be Used 
with Standard Red Displays. 
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Figure 7. Typical Transmittance 
Curves lor Filters to be Used 


with Hlgh-Elliciency 
Red Displays. 
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Figure 8. Typical Transmittance Curves lor Filters to be Used 
with Yellow Displays. 
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Figure 9. Typical Transmittance Curves lor Filters to be Used 
with Green Displays. 
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Figure 10. Typical Transmittance Curves lor Fillers to be Used 
with All Colored Displays. 


Color 
Ambient 
Recommended 
Comments 
illumination 
Filter Type 


Standard 
Red 
Dim 
Red Long Pass (70'10Tl with cut-off 
Red Filters will save power 
lAp Typical = 655 nm) 
125- 75 fc) 
in 600-630 nm region 
because 
a maximum 
amount 
of 
LED light 
is transmitted 
through 
the filter 


Moderate 
Red Long Pass 145'10T) 


(75 - 200 fcl 
Neutral 
Density 
Gray or 
Bronze (20-25'10 T) 


Bright 
Neutral 
Density 
Gray or 
Gray or Bronze 
filters 
enhance 


(200 - 1000 fcl 
Bronze (18-23'1oT) 
color 
contrast 


High Efficiency 
Red 
Dim 
Red Long Pass 165'10Tl with cut-off 
Red Filters will save power 
(Ap Typical 
= 635 nm) 
in 570-600 nm region 
because 
a maximum 
amount 
of 
LED light is transmitted 
through 
the filter 


Moderate 
Red Long Pass (40'loTI 
Red filters 
with sharp cut-off 
in 


Neutral 
Density 
Gray or 
the 610-640 nm range may cause 


Bronze 120-25'10TI 
intensity 
mismatches 


Bright 
Neutral 
Density 
Gray or 
Gray or Bronze filters 
enhance 
Bronze 118-23'10T) 
color 
contrast 


Yellow 
Dim 
Yellow 
Band Pass 130'10Tl 
Most effective 
filter 
is amber 


(Ap Typical 
= 583 nml 
Amber 
Long Pass 140'10TI 
although 
a yellow 
band pass filter 
may be used 


Moderate 
Amber 
Long Pass 140'10TI 


Bright 
Neutral 
Density 
Gray or 
Gray, Bronze, 
or Gray/Amber 
Bronze (18-23'1oT) 
combination 
filters 
enhance 


Neutral 
Density 
Gray (30'10TI/ 
color 
contrast 


Light Amber 
(80'loT) combination 


Green 
Dim 
Green Band Pass 145'10T) 
(Ap Typical 
= 569 nm) 
Moderate 
Neutral 
Density 
Gray or 
Gray recommended 
for moderate- 
Bronze 120-25'10TI 
bright 
ambients 
because the eye 
is very sensitive 
to background 
reflected 
light in the green region 


Bright 
Neutral 
Density 
Gray or 
Gray or Bronze 
Filters enhance 
Bronze 118-23'1oT) 
color 
contrast 


Filtering 
Yellow 
Displays 
(Ap = 583 nm) 


In dim 
ambients, 
amber 
filters 
or yellow 
band 
pass 
filters 
are recommended 
for filtering 
yellow 
displays 
(see Figure 
8), 


It is more 
difficult 
to achieve 
a high 
contrast 
when 
filtering 


yellow 
displays 
because 
yellow 
is 
in 
the 
region 
of 
the 
standard 
observer 
curve 
where 
the eye is most 
sensitive. 
In 
this 
case, 
both 
the yellow 
LED 
emitted 
light 
and the yellow 
ambient 
light 
reflected 
off 
the 
display 
background 
will 
be 
passed 
by the filter. 
In order 
to achieve 
a noticeable 
con- 
trast 
between 
the 
LED 
emitted 
light 
and 
the 
background 
reflected 
light, 
the 
filter 
must 
absorb 
a greater 
amount 
of 
ambient 
light 
than 
a red filter. 


The most 
effective 
filters 
are dark 
yellow 
or orange 
(amber), 


although 
a lower 
transmittance 
yellow 
band 
pass filter 
may 
be used. 
Figure 
11 shows 
the effect 
of such 
a yellow 
band 
pass 
filter 
on a yellow 
LED display 
with 
a peak 
wavelength 
of 583 nm. Although 
only 
27% of the 
display 
emitted 
light 
passes 
through 
the 
filter, 
the 
contrast 
is enhanced. 
For 


moderate 
ambients 
an amber 
filter 
or a gray 
filter 
with 
20- 
25% transmission 
is recommended. 
And 
as recommended 
for red displays 
in brighter 
ambients 
above 
200 footcandles 
a gray 
filter 
with 
18-23% 
transmission 
should 
be used. 
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Table 3. 
Plastic and Glass Filter Manufacturers 


PLASTIC FILTER MANUFACTURERS 


Manufacturer 
Product 


SGL HOMALITE 
Polyester wavelength and 


11 Brookside Drive 
neutral density filters; two 
Wilmington, 
DE 19804 
optional anti-reflection 
Phone: 
(302) 652-3686 
surfaces and three different 


SGL International 
grades of polyester 


76 Euclid Avenue 
available. 


Haddonfield, 
NJ 08033 
Phone: 
(609) 429-7400 


Rohm and Haas 
Plexiglas®; sheet and 
Independence 
Mall West 
molding powder; 


Philadelphia, 
PA 19105 
wavelength 
and neutral 
Phone: 
(215) 592-3000 
density filters. 


Rohm and Haas Canada, Ltd. 
2 Manse Road 
West Hill, Ontario MIE 3T9 
Phone: 
(416) 284-4711 


Rohm and Haas Company 
European Operations 
Chesterfield 
House, 4th Floor 
Barter Street 
London 
WC lA2TP 
Phone: 
01-242-4455 


Chequers Engraving, Ltd. 
Spectrafilter®; 
wavelength 
1-4 Christina Street, 
and neutral density filters 
London EC2A 4PA 
with optional glarecheq 
Phone: 
01-779-6964/5 
anti-reflection 
surface. 


3M-Company 
Panel Film® and Louvered 
Industrial Optics 
Light Control Film®; 


Carbon less/Related Prod. Div. 
wavelength and neutral 
225-35 3M Center 
density filters with abrasion- 
S!. Paul, MN 55144 
resistant and anti-reflection 
Phone: 
(612) 733-4403 
surfaces available. 


Panelgraphic 
Corporation 
Chromafilter®; wavelength 


10 Henderson Drive 
and neutral density filters 
West Caldwell, NJ 07006 
with scratch-resistant and 
Phone: 
(201)227-1500 
anti-reflection 
surfaces 


Thorne/Panelgraphic 
available. 


Great Cambridge Road 
Enfield, Middlesex 
England 
Phone: 
01-366-1291 


Polaroid Corporation 
Circular 
Polarizing filters 
Polarizer Division 
with an optional anti-glare 
One Upland road 
surface. 
Norwood, 
MA 02062 
Phone: (617) 769-6800 


Duralith Corporation 
Polyester, Polycarbonate 
525 Orange Street 
or Acryiic laminated 
Miivilie, New Jersey 08332 
display panels and 
Phone: 
16091825-6900 
membrane switch 
panels 


Filtering 
Green 
Displays 
(Ap = 565 nm) 


Since 
the 
peak wavelength 
of a green 
display 
is typically 


only 
10 nm away 
from 
the peak of the standard 
observer 
curve, 
it is difficult 
to achieve 
high 
contrast 
through 
filter- 


ing. A long 
wavelength 
pass filter, 
such 
as is used for red 


and yellow 
displays, 
is no longer 
effective. 
An effective 
filter 


for dim ambients 
is a band 
pass yellow-green 
filter 
which 
peaks in the region 
of the LED spectrum. 
Similar 
to yellow 
band pass filters, 
the recommended 
green 
band 
pass filter 
reduces 
background 
reflected 
light Isee Figure 
91by having 
a much 
lower 
transmission 
than 
a red 
filter. 
Figure 
12 


Manufacturer 
Product 


Schott Optical Glass Inc. 
Glass wavelength and 


Duryea, PA 18642 
neutral density filters. 


Phone: 
(7171457-7485 


Schott Glass Vlaswerke 
Hattenbergstrasse 
No.1 0 
6500 Mainz 
W. Germany 
Phone: 
49-61-31-661 


Hoya Optics U.S.A., Inc. 
Glass wavelength and 
3400 Edison Way 
neutral density filters. 


Fremont, CA 94538 
Phone: 
(4151490-1880 


OCLI 
High-efficiency, 
Optical Coating Laboratories, Inc. 
anti-reflection 
IHEA®I 
2789 Northpoint 
Parkway 
coatings for glass filters. 
Santa Rosa, CA 95401-7397 
Phone: 
17071545-6440 


OCLI Europe 
621 London Road 
High Wycombe, Buckinghamshire 
England HPll 
1ET 
Phone: 
(0494)36286 


Polaroid Corporation 
Optically-coated 
glass 


Polarizer Division 
with circular 
polarizer. 


One Upland Road 
Norwood, 
MA 02062 


Phone: 
16171769-6800 


Polarizers IU.K.I Ltd. 
Lincoln 
Road 


Cressex Estates 
High Wycombe, Buckinghamshire 
England 
Phone: 
High Wycombe01-205-{)25 


Liberty Mirror 
Optically-coated 
glass 


Division of Libbey-Owens-Ford 
with circular 
polarizer. 


Company 
851 Third Avenue 
Brackenridge, 
PA 15014 
Phone: 
(412) 224-1800 


Precision Glass Laminations 
Optically-coated 
glass 
324 Yolanda 
with circular 
polarizer. 


Santa Rosa, CA 95404 
Phone: 
17071528-9070 


Marks Polarized Corporation 
Optically-coated 
glass 
153-16 10th Avenue 
with circular 
polarizer. 


Whitestone, 
NY 11357 
Phone: 
(212) 767-9600 


shows 
the effect 
of a green 
band pass filter 
on a green 
LED 
with 
a peak wavelength 
of 565 nm. Although 
only 
33% of 


LED emitted 
light 
passes through 
the filter, 
the contrast 
is 
enhanced. 
Due 
to the 
increased 
sensitivity 
of the 
eye to 
background 
reflected 
light, 
a gray filter 
with 
20-25% 
trans- 


mission 
is 
recommended 
for 
moderate 
ambients 
and 
a 
• 
lower transmission 
gray filter of 18-20% for brighter 
ambients. 
-:", 


Filtering 
All Display 
Colors 


If displays 
of different 
colors 
are to be placed 
behind 
one 


filter, 
a neutral 
density 
gray filter 
is the best choice. 
Neutral 
density 
gray filters have nearly constant 
transmission 
across 


the visible 
spectrum. 
They enhance 
contrast 
by attenuating 
ambient 
light 
twice, 
both 
as it enters 
the 
filter 
and 
after 


reflection, 
whereas 
the LED emitted 
light is attenuated 
only 


once. 
To maximize 
the contrast 
between 
off elements 
and 


% 
lED 
Ambient 
Maximum Front 


Filter Products 
Transmission 
Display 
lighting 
Surlace Texture 


at lED Peak 
Color 
II Desired 


PLASTIC FilTER PRODUCTS 


SGL 
Homalite 
Grade 
100 


H100-1650 
75% 
Stand. 
Dim 
lR-72 
Red 
Moderate 
lR-92 


H100-1670 
71% 
High 
Dim 
lR-72 


Effic. Red 
Moderate 
lR-92 


H100-1720 
46% 
Yellow 
Dimto 
lR-72 


H100-1726 
34% 
Moderate 


H100-1440 
40% 
Green 
Dim 
LR-72 


H100-1425 
25% 
LR-92 


H100-1266 (Gray) 
25% 
All 
Bright or 
None 


H100-1250 (Gray) 
26% 
Sunlight 


H100-1230 (Bronze) 
25% 


Rohm & Haas - Plexiglas® 


2423 
65% 
Stand. Red 
Moderate 


2074 (Gray) 
20% 
All 
Bright or 
2370 (Bronze) 
15% 
Sunlight 


2538 (Gray) 
16% 


Chequers Engraving ltd. - Spectralilter® 


118 
85% 
Stand. 
Dim 
Glarecheq 


112 
45% 
Red 
Moderate 


110 
80% 
High 
Dim 
Glarecheq 


112 
20% 
Effic. Red 
Moderate 


106 
32% 
Yellow 
Moderate 
Glarecheq 


107 
48% 
Green 
Dim 
Glarecheq 


105 (GraYI 
23% 
All 
Bright or 
None 


Sunlight 


3M Company - Panel Fllm@ or light 
Control Film@ 


R6510 
70% 
Stand. 
Dim to 
ABM6 


P7710 (Purple) 
85% 
Red 
Moderate 


R6310 
67% 
High 
Dim to 
ABM6 


Effic. Red 
Moderate 


A5910 
45% 
Yellow 
Moderate 
ABM6 


ND0220 (Gray) 
27% 
All 
Bright or 
Glos 


Sunlight 


Panelgraphic 
Corporation 
Chromafilter@ 


RUby Red 60 
70% 
Stand. Red 
Dim 
Anti-Reflection 


Dark Red 63 
50% 
Moderate 
None 


Scarlet Red 65 
60% 
High 
Dim 
Anti-Reflection 


Effic. Red 


Yellow 27 
30% 
Yellow 
Dim 
Anti-Reflection 


Amber 23 
27% 
Moderate 
None 


Green 48 
48% 
Green 
Dim 
Anti-Reflection 


Gray 15 
17% 
All 
Bright or 


Gray 10 
23% 
Sunlight 
None 


Durallth Corporation 


Red 
% transmission 
Stand. Red 


can be 
High Effic. Red 


Gray 
requested 
All 


% 
LED 
Ambient 
Maximum Front 


Filter Products 
Transmission 
Display 
Lighting 
Surface Texture 


at LED Peak 
Color 
If Desired 


Polaroid Corporation - Polarizing Filters 


HRCP Red 
30% 
Stand. Red 
Moderate 
Non-Glare 


HACPAmber 
37% 
Yellow 
Moderate 
Non-Glare 
HACP 15 (Amber/Gray) 
13% 
Bright or 
None 
Sunlight 


HNCP 37 (Grayl 
37% 
All 
Moderate 
Non-Glare 


HNCP10IGray> 
10% 
All 
Sunlight 
Optically-coated 
glass 


GLASS FILTER PRODUCTS 


Schott Optical Glass Inc. 


RG-645 
80% 
Stand. Red 
Moderate 
RG-630 
97% 
Dim 


RG-610 
95% 
High 
Dim 


Ellie. Red 


Hoya Optics Inc. 


R-62 
90% 
Stand. Red 
Moderate 


RG-60 
85% 
High 
Moderate 


Ellie. Red 


Polaroid Corporation - Polarizing Filters 


HNCP10 (Gray> 
10% 
All 
Sunlight 
Optically-coated 
glass 


Liberty Mirror, Precision Glass Laminations, Marks Polarized 


Polarizing Filters made to customer specification 
Optically-coated 
glass 


OCLI Laboratories 


HEA® Coatings placed on glass filters 


the background, 18-25%transmission is recommended (see 
Figure 101. To minimize the contrast between off elements 
and the background, a gray bodied display should be used, 
although c~lored bodied displays can also be used behind 
a gray filter. Also, as mentioned in filtering high efficiency 
red displays. neutral density gray filters with nearly con- 
stant transmission offer the advantage of minimizing inten- 
sity variations between displays. 


In addition, neutral density gray filters with 18-25%transmis- 
sion are recommended for bright indoor ambients above 
200 footcandles and for sunlight ambients. As explained 
later in Section 2 the gray filter increases readability in 
bright ambients by enhancing the color contrast between 
the illuminated elements and the background. The exact 
transmission is dependent upon the filter front surface 
reflectance and the level of ambient lighting. In moderate to 
bright ambients a filter with fairly low diffuse reflectance 
and 20-25% transmission is recommended. For brighter 
ambients. above 1000footcandles, a filter with lower diffuse 
reflectance and 15-20%transmission is recommended. 


Special Wavelength Filters and Filters In Combination 


A designer is not limited to a single color wavelength or a 


neutral density filter to aChieve the desired contrast and 
front panel appearance. Some unique wavelength filters 
and filter combinations have been successfully developed. 
One is the purple color filter for use with red LED displays, 
and another is the use of a neutral density filter in combina- 
tion with a light amber filter to achieve a dark front panel 
for yellow LED displays. 
The Purple Contrast Filter for Red LED Displays: The fil- 
ters that have been previously discussed provide a high 
levei of contrast between the illuminated display elements 
and the surrounding 
background. 
Another 
approach 
achieves the same contrast ratio. but has a background 
color quite different than the color of the illuminated LEOs. 
• 


This color contrast is accomplished by using a dark purple 
filter with standard red LED displays, asshown in Figure 13. 
:-.' 


Purple is a mixture of red and blue light which is perceived 
by the eye as a distinct color from red. Psychologically, a 
purple contrast filter is more pleasing to many people than 
a red filter. The reason for this may be that when illumi- 
nated, the standard red display stands out vividly against 
the purple background. Since it is the color difference that 
enhancesthe contrast. the purple contrast filter is extremely 
effective in bright ambients. 


Filters in Combination: 
A neutral density gray filter is often 
used in combination with other filters to provide a dead 
front appearance as well as increased contrast in bright 
ambients. A typical example is given in Figure 14. The 
resulting filter is the product of the relative transmittance of 
the light amber, TLA(,\), and the relative transmittance of 
the neutral density gray, TNG(Al. 


Filter Transmission (A)= ITLA(A) TNG(A)! 


The amount of light reaching the eye of a viewer is24%of the 
unfiltered LED spectrum. 


Fraction of 
Available Light 
Through a 
Combination Filter 
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Figure 12. Effect of a Bandpass Wavelength Filter on a Green 
LED Display. 


Where ll(A) = radiated spectrum of the illuminated 
light 


emitting element (see Table 1) 


VIA)= the 1931CIE standard observer curve 


(seeWyzecki & Stiles, Color Science) 


TLA (A)= relative transmission characteristic of the 


filter (supplied by filter manufacturer) 


TNG(A)= relative transmission characteristic of the 


filter. (For neutral density gray filters the 
transmission can be considered a constant 
across the visible spectrum) 
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Figure 14. A Neutral Density Gray Filter In Combination 
with a 


Light Amber Filter for Use with Yellow Displays. 


RELATIVE 
TRANSMISSION 
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RED/PURPLE 
COLOR 
CONTRAST 
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LED 
ON/OFF 
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AST 


The advantage is a dark gray front panel window with very 
low luminous sterance (zero transmission below 525 nm) 
that retains its appearance in bright ambients. The dis- 
advantage is a considerable reduction in the luminous 
sterance of the display. This is somewhat offset by the 
distinct color difference between the illuminated yellow 
segments of the display and the dark gray background. 


Another example is a purple or long pass red filter used 
behind a neutral density gray filter. The recommended 
transmittance for both of these filter combinations is dis- 
cussed further in Section 2, Filter 
Recommendations 
for 


Seven 
Segment 
Displays 
and Filter 
Recommendations 
for 


Dot 
Matrix 
Displays. 


The disadvantage of using two filters in combination is the 
added loss of LED emitted light due to four filter air 
interfaces rather than two interfaces. As shown in Filter 
Transmittance, 
a single plastic filter with a homogeneous 


index of refraction equal to 1.5 will lose 4% of LED emitted 
light at each interface. To avoid any additional loss the two 
filters should be laminated together with an epoxy that 
nearly matches the index of refraction of the filter materials. 


Plastic Filters 


Due to their low cost, ease in machining to size and resist- 
ance to breakage, plastic contrast filters are being used in 
the majority of display apiJlications. Most manufacturers of 
plastic filters for use with LED displays provide relative 
transmission curves similar to those presented in Figures 6 
through 10. When selecting a filter, the transmittance curve 
shape, attenuation at the peak wavelength, wavelength cut 
off and front surface reflectance should be carefully con- 
sidered to obtain optimum contrast. As mentioned pre- 
viously, in dim to moderate ambients, a textured plastic filter 
can be used.However,in bright ambientsan untextured filter 
with low diffuse reflectance is the best choice. 


Four manufacturers of plastic wavelength filters include 
Rohm 
& 
Haas Company 
(Plexiglas®), Chequers 
Ltd. 
(Spectrafilter®l, SGL Homalite, 3M-Company (Panel Film®l, 
and Panelgraphic Corp. IChromafilter®l. The LED filters 
produced by these manufacturers are usable with all LED 
displays and lamps. Table 3 lists some of the filter manufac- 
turers and where to obtain more information. Table 4 lists 
specific wavelength and neutral density filters along with 
recommended applications. 


Optical 
Glass Filters 


Optical glass filters are typically designed with constant 
density, so it is the thickness of the glass that determines 
the transmission. This is just the opposite of plastic filters 
which are usually designed such that all material thick- 
nesseshavethe same transmission. 


The primary advantage of an optical glass contrast filter 
over a plastic filter is its superior performance. This is espe- 
cially true for red LED filters. Figure 15 illustrates a red 
optical glass filter for use with high efficiency red LED dis- 
plays. The relative transmittance is generally higher than 
that of a comparable plastic filter, and the slope of the rela- 
tive transmittance curve is usually much steeper and more 
closelyfollows the shapeof the radiatedspectrum of the LED. 


Figure 15. A Red Optical Glass Filter lor use with High Elllclency 
Red LED Displays. 


The front surface of an uncoated glass filter typically has 
4% specular reflectance and negligible diffuse reflectance. 
If the filter is to be used in a bright ambient, a High Effi- 
ciency Antireflection (HEAl coating can be applied to the 
front surface. As explained in Example 
- Dot Matrix 
LED Dis- 


play 
and Filter, 
HEA coatings reduce front surface specular 
reflectances to 0.25%across the visible spectrum. 


Some leading manufacturers of optical glass filters are the 
Schott Optical Glass, Inc. of Duryea, Pennsylvania and 
Munich, Germany and Hoya Optics of Fremont, California. 


A leading producer of High Efficiency Antireflection IHEAl 
coated glass is OCLI, Optical Coating Laboratories Inc. of 
Santa Rosa,California. Table 3 lists some of the filter manu- 
facturers and where to obtain more information. Table 4 lists 
specific wavelength and neutral density filters along with 
recommended applications. 


EFFECTIVENESS 
OF A WAVELENGTH 
FILTER 
IN 


AN AMBIENT 
OF ARTIFICIAL 
LIGHTING 


Contrast is very dependent upon the ambient lighting. 
Figure 16 reproduces the spectral distribution for fluores- 
cent lighting, incandescent lighting, and sunlight.131Fluores- 
cent lighting contains almost no red,yet contains a consider- 
•. 


able amount of yellow and long wavelength green. Incandes- 
cent lighting isjust the opposite. Due to these differences in 
.-.: 
color content, it is very important to define all lighting 
spectrums under which the display may be viewed. If a filter 
is chosen using indoor incandescent lighting, the display 
may not be readable when used in a sunlight ambient. One 
frequently encountered example was found in watches and 
calculators where a high pass red filter was used with a red 
light emitting display. 


If most of the spectral distribution of the artificial lighting is 
outside of the radiated spectrum of the LED, it is very easy 
to reduce the reflected ambient light to a very low level 
without sacrificing too much LED emitted light. Figure 16 
also shows the relationship between the peak wavelengths 
of a red, yellow and green LED and artificial lighting. A red 
LED can be effectively filtered in a fluorescent ambient 
because of the lack of red wavelengths in that spectrum. 
Whereas,in incandescent lighting it is very difficult to reduce 
the reflected ambient light off a red LED display package. A 
green LED display can be effectively filtered in an incandes- 
cent ambient because of the lack of green wavelengths in 
that spectrum. Whereas, in fluorescent lighting it is difficult 
to reduce the reflected ambient light off the display package 
without significantly decreasing the LED emitted light. 


SECTION 
2: FILTERING 
IN BRIGHT 
SUNLIGHT 
AMBIENTS 


In recent years, light emitting diode (LED) displays have 
been used in an increasing number of avionics, automotive, 
and other applications where high levels of ambient light 
are present. LED displays of the latest package design and 
with the brightest dye and appropriate contrast enhance- 
ment filters, are now being used in ambients up to 107,000 
Im/m2 (10,000 footcandlesl. 
In these bright ambients the 
following parameterseffect the readability of an LED display: 


a) Luminance contrast 
b) Chrominance (color) contrast 
c) Front surface reflections 


Historically, when determining sunlight readability, most 
engineers have considered only the luminance contrast - 
the ratio of sterance between the illuminated element and 


its background. Unfortunately, this approach neglects the 
chrominance contrast of the display - the color difference 
between the illuminated element and its background. Color 
must be considered because the eye is sensitive to color 
differences, as well as differences in luminance. Finally, the 
luminance and chrominance 
contrast can be combined 


into a quantitative measure of sunlight readability, known 
as the discrimination index. This index was first proposed 
in 1975 by Jean Pierre Galves and Jean Brunl41 at the 29th 
Agard Avionics Panel Technical meeting in Paris, France 
and later adapted to LED displays in 1977 by Dave Evans. 5 
Discrimination 
indices determined under similar ambient 


conditions permit LED displays to be ranked in order of 
readabiIity. 


The effect of ambient reflected light, briefly mentioned in 
the Discrimination Index theory is more fUlly defined in this 
application note. Specifically examined is how light reflected 
off the front surface of the filter affects the calculation of 
luminance contrast and how the color' of the emitted light 
mixed with ambient reflected light affects the l-hrominance 
contrast. In order to quantify these effects, the sunlight 
ambient, the reflectance characteristics of the display and 
filter surfaces, as well as the observer's viewpoint must be 
defined. 


Sunlight is defined according to it's spectrum, intensity and 
luminous distribution. As shown in Figure 16 the spectrum 
of bright sunlight is nearly a flat curve across the visible 
spectrum. The worst case intensity of bright sunlight can 
range from 5,000 footcandles 
falling on an automobile 


dashboard to 7,000footcandles for commercial aircraft with 
a fixed overhead, up to 10,000footcandles for military air- 
craft. Two worse case sky luminous distributions should be 
considered; the sun as a single spot source, and a diffuse 
sunlight ambiant. The first condition describes a clear blue 


sky where the bright glare of the sun's image is reflected 
back into the observer's view. Because the sterance of the 
sun's reflected image off of any optical filter is several 
orders of magnitude greater than the sterance of the illumi- 
nated elements, a portion of the illuminated elements will 
be masked from view. However, it should be remembered 
that in reality this worst case viewing condition is seldom 
encountered. Also, with standard mounting techniques the 
reflected image of the sun can be blocked from the front 
surface of the filter. 


On the other hand, a more commonly encountered worst 
case viewing condition is a diffuse sunlight ambient that is 
incident on a filtered display. This condition describes a 
clear blue sky, ignoring the reflected image of the sun. In 
the following sections the sky luminous distribution is con- 
sidered to be a diffuse sunlight ambient. 


To understand filtering in bright sunlight ambients accord- 
ing to the Discrimination Index Theory the following topics 
will be discussed. First, the effectiveness of wavelength fil- 
ters in diffuse sunlight ambients will be determined. Second, 
the reflectance of LED display and filter front surfaces will 
be discussed. Third, the luminance, chrominance and dis- 
crimination indices will be defined with special considera- 
tion for the effect of ambient reflected light. Fourth, specific 
filtering techniques will be presented using a seven seg- 
ment display example and an alphanumeric display example 
in an ambient of 107,000 Im/m2. 
Finally, as a guide for 
design engineers, specific recommendations for filtering 
red, yellow, and green displays will be presented along with 
a list of plastic and glass filter manufacturers. 


EFFECTIVENESS 
OF A WAVELENGTH 
FILTER 
IN 


SUNLIGHT 
AMBIENTS 


Wavelength filters 
are not 
recommended 
for 
sunlight 


ambients due to the undesirable affects on luminance and 
chrominance 
contrast. Certain high transmission 
wave- 
length filters will create insufficient luminance contrast. This 
occurs when the combination of reflected sterance off the 
display background, as seen through the filter and off the 
front surface of the filter, is far greater than the sterance of 
the light emitting elements. 


Also, wavelength filters create little color contrast between 
the light emitting elements and the background. This is due 
to the fact that color is determined by the wavelengths of 
emitted or reflected light. Wavelength filters pass a large 
amount of reflected background 
light having the same 
wavelength as the LED emitted light. Thus, a red display 
with a red filter in a sunlight ambient will appear to have 
both red light emitting elements and a red background. 
Readability will be poor due to the lack of color contrast. 


Although wavelength filters are not recommended for sun- 
light ambients other filters can be used. Actually, LED dis- 
plays are quite readable in diffuse sunlight ambients if the 
package design and filtering techniques optimize both lum- 
inance and chrominance contrast. Before defining 
lumi- 
nance and chrominance contrast, the effect of front surface 
reflectance should be considered. 


DISCRIMINATION 
INDEX 
THEORY 


Front Surface Reflectance 


The Discrimination Index theory can be applied to any dis- 
play technology. However, it is important to consider the 
front surface reflectance of the display package and even 


more importantly the reflectance of the filters which are 
typically 
used to enhance contrast. Front surface reflec- 
tance will decrease the contrast ratio and also desaturate 
the color of the display. Color desaturation occurs in bright 
sunlight when the eye mixes the display emitted light with 
the reflected ambient light. 


The amount of reflected ambient light in a diffuse sunlight 
ambient is dependent upon the front surface material and 
also on the viewing condition. As shown in Figure 17 there 
are two viewing conditions that should be considered, First 
is a typical viewing condition where the observer sees only 
diffuse reflectance. Diffuse reflectance refers to scattered 
light. A highly diffusing surface will appear equally bright 
from all angles of view because the radiation pattern is 
nearly lambertian. For a lambertian pattern, the intensity of 
emitted light varies as the cosine of the off-axis angle. The 
examples in LED Seven Segment Display Example and Dot 
Matrix LED Display Example assume all devices measured 
are lambertian. Thus, for diffuse reflectance the total per- 
cent reflected light is divided by 7T' to arrive at the sterance 
Icd/m21. 


Second, is a worst case viewing 
condition 
where the 
observer sees both diffuse and specular reflectance. Specu- 
lar reflectance refers to a ray or beam of light that is 
reflected from a planar surface, such as a mirror, where the 
angle of reflection equals the angle of incidence. 
Both 
angles are measured from a line perpendicular to the sur- 
face called the normal. The formulas used to calculate lum- 
inance index and chrominance index under conditions of 
reflected ambient light are derived in the following section. 
Appendix A shows the integrals used in computation. 


Luminance 
Contrast 
and Luminance 
Index[6] 


As previously defined in Enhancement of Luminance 
Con- 
trast - 
Filtering, the luminance contrast ratio for a filtered 
LED display is given by the following equation: 


Luminance 
Contrast 
CR = 


Ratio 


LvS+ LvOFF+ LvF 
LvB+ LvF • 


Luminance difference, EL, can be defined as the eye's 
response to the contrast ratio. Because the eye responds to 
changes in light levels logarithmically, EL is defined as 


(Luminance Difference) 
EL = Log CR 
(81 


As established in photography and television, the smallest 
discernable contrast ratio the eye can perceive is 1.05.This 
contrast ratio of 1.05 inserted in the luminance difference 
equation IELIyields a threshold luminance difference IELTH) 
of 0.021. However, for comfortable discernability 
it has 
been demonstrated in photography and television that a 
contrast ratio of 1.4 between two pieces of monochrome 
information is desirable. This yields a luminance difference 
of 0.15,called a unitary luminance difference (ELU)which is 
seven times the threshold luminance difference (ELTH). 


ELTH = Log 1.05 = 0.021 


ELU = Log 1.4 = 0.15 


The unitary luminance difference IELU) can be visually 
observed by comparing two monochromatic steps on the 
Kodak gray scale that are four steps apart. On the gray 
scale each step represents a 10%change in luminance, so 
two steps, four steps apart, represents a 40% change in 
luminance. 


The ratio of the luminance difference of an actual display 
compared to the unitary luminance difference IELU) is 
called the luminance index !lOll. An IDL value of one would 
imply a display with a luminance difference just large 
enough for comfortable discernability. Any value of lumi- 
nance index greater than or equal to one is desirable. 


(Luminance 
IDL =~ 
= 
Log CR 
1101 


Index) 
ELU 
0.15 


Thus, using the previously defined contrast equation, the 
luminance index for a filtered LED display becomes: 


(LvS + LvOFF+ LvF) 
Luminance Index 
IDL = 
L 
LvB+ LvF 
(11) 


Filtered LED Display 
og 
0.15 


Chromlnance Contrast and Chromlnance Index[7) 


Chrominance contrast is a normal part of everyday life. For 
example, an observer can easily distinguish a gold braid on 
a purple robe. Even so, the concept of chrominance con- 
trast has only recently been applied to light emitting dis- 
plays in order to achieve readability in bright sunlight. 
Before defining chrominance contrast and chrominance 
index, the determination of LED color and the concept of 
color difference must be explained. 


LED Color: High efficiency red, yellow and green devices 
of the GaP substrate technology are possible colors for use 
in sunlight ambients. The GaP(gallium phosphide) substrate 
LED technology is chosen because its quantum efficiency 
is significantly higher than the GaAs (gallium arsenide) sub- 
strate technology. 


The 1931 CIE Chromaticity Diagram is used to objectively 
determine the color of an LED. The CIE system is based on 
the concept 
of additive color 
mixing 
as derived from 
experiments 
in which colors were matched by mixing 
colored 
lights. LED color 
is defined 
by the dominant 
wavelength which is that wavelength of the color spectrum 
which, when additively mixed with the light from the source 
CIE illuminant C, will be perceived by the eye as the same 
color as is produced by the radiated spectrum. CIE illumi- 
nant C is a 650D-degree Kelvin color temperature source 


that produces light which simulates the daylight produced 
by an overcast sky. A graphical definition of Ad and color 
purity is given on the CIE chromaticity diagram in Figure 
18. The dominant wavelength is derived by first obtaining 
the x,y color coordinates 
from the radiated spectrum. 


These color coordinates 
are then plotted 
on the CIE 
chromaticity diagram. A line is drawn from the illuminant C 
point through the x,y color point intersecting the perimeter 
of the diagram. The point where the line intersects the 
perimeter is the dominant wavelength, Ad. The dominant 
wavelengths and corresponding colors for LEOs are shown 
on the CIE chromaticity diagram in Figure 19. 


Also shown in Figure 18 is the color purity, or saturation, 
which is defined as the ratio of the distance from the x,y 
color point to the illuminant C point, divided by the sum of 
this distance and the distance from the x,y point to the 
perimeter. The x,y color coordinates for LEOs plot very 
close to the perimeter of the chromaticity diagram. There- 
fore, the color purity approaches a value of 1,typical of the 
color 
saturation obtained from 
a monochromatic 
light 
source. However, as discussed in the following section, this 
color purity is desaturated by reflected ambient light. 


Chromatic Distance and the 1960 CIE-UCS Chromaticity 
Diagram: 
The ability 
of the eye to discern the color 
difference between the illuminated LED and the background 
can be evaluated by measuring the distance between their 
respective color coordinates. In this case, the 1931 CIE 
color system should not be used because the areas of 
unitary observed color differences are ellipses which leads 
to errors when using the distance between two color 
coordinates 
in the diagram as a measure of color dif- 
ference.181The 1931 system was reshaped in 1960 so that 
the areas of observed color difference are nearly circular. 
Although the 1960 Chromaticity 
Diagram was again re- 
shaped in 1976to a more uniform color space, a comparison 
between these two systems shows rather close agreement 
in red-green chromaticity difference perception and signi- 
ficant disagreement in blue-purple chromaticity difference 
perception. 


In this diagram the distance between any two Chromaticity 
coordinates in the green to red region can be considered a 
measure of their color difference. For example, Figure 21 
shows the chromatic distance (EC) between a gray back- 
ground and red LED. According 
to the Discrimination 
Index Theory, the chromatic distance between an illumi- 
nated element and its background can be calculated using 
the following 
equation 
based on the 
1960 CIE UCS 
Chromaticity Diagram. 


(Chromatic Distance) EC = ..j(u \1- 
Ub)2 + (v\1- 
Vb)2 
(12) 


Where (u\1' v \1) = Color of emitted light 


(Ub, Vb) 
= Color of background reflected light 


However, in actual practice, this chromatic 
distance is 


reduced by desaturation of the display color which occurs 
when ambient light is reflected off the front surface of the 
filter and the illuminated 
LED element. The amount of 
desaturation depends upon the luminance ratio between 
the LED emitted light and the reflected ambient light. To 
account for this effect, the Chromatic Distance (EC)equation 
must be re-written, where the terms Ub\1, Vb \1 are the color 
coordinates of the mixture of emitted light and reflected 
light. 
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Figure 18. Definition 
of Dominant Wavelength and Color Purity, 
Shown on the CIE Chromaticity 
Diagram. 


SYMBOL 


R 
,0 
o 
yO 
v 
'v 
VG 
yG 
G 
bG 
BG 
,B 
B 
pB 
bP 
P 
,P 
RP 
pR 
pPK 
PK 
OPK 
C 


COLOR 
NAME 


REO 


REDDISH·ORANGE 
ORANGE 
YELLOWISH·ORANGE 
YELLOW 
GREENISH·YELlOW 
YELLOW-GREEN 
YELLOWISH·GREEN 
GREEN 
BLUISH·GREEN 


BLUE·GREEN 
GREENISH·BLUE 
SLUE 
PURPLISH·BLUE 
BLUISH.pURPLE 
PURPLE 
REDDISH·PURPLE 
REo..PURPLE 


PURPLISH·RED 
PURPLISH·PINK 
PINK 
ORANGE·PINK 
elE 
ILLUMINATED 
C 


Figure 19. Dominant Wavelengths and Corresponding 
Colors tor 
LEOs, Shown on the CIE Chromaticity 
Diagram. 
• 


reTiectea light 


(Ub,Vb) 
= Color of background 
reflected light 


The u and V coordinates 
used in the above equations can 
be calculated 
using the following 
principle 
illustrated 
in 
Figure 20, the 1931 Chromacity 
Diagram. 


The chromaticity 
coordinates 
representing the mixture of a 
light 
source 
which 
has luminance 
L and 
chromaticity 
coordinates (xQ,YQ)with a light source which has luminance 
B and chromaticity 
coordinates (Xb,Yb)lies at point (XbQ,YbQ) 


on the straight 
line joining 
(xQ,YQ)and (Xb,Ybl.The exact 
point at which (XbQ,YbQ)lies depends upon the ratio of the 
luminances 
Land 
B.191In this case, the ambient reflected 
light is specified by a sterance B and chromaticity 
coordi- 
nates Xb,Yb·.The emitted light is specified by a sterance L 
and chromaticity 
coordinates 
xQ,YQ: The color produced 
by mixing the emitted light with the reflected ambient light 
is specified by:110I 


MQxQ+ MbXb 


XbQ= 
MQ + Mb 


MQ=~ 
YQ 


MQYQ+ MbYb 
YbQ= 
MQ + Mb 
(141 


Mb = ~ 
Yb 


Note: See Appendix B for integrals used to calculate x,y 
chromaticity coordinates of background and illuminated 
element. 


The quantities 
Land 
B are in this case specified in cd/m2, 


however 
any units 
of luminous 
sterance 
such as foot- 
lamberts can be used. 


The new chromaticity 
coordinates XbQand YbQare translated 
to the 1960 CIE (U,V) coordinate 
system. The background 
chromaticity 
coordinates Xband Ybare also translated to u,v 
coordinates. The results (UbQ,VbQIand (Ub,Vb)are used in the 
previously defined chromatic distance equation (13l. 


Chrominance 
Index 


Threshold 
chrominance 
(ECTH), the smallest 
color 
dif- 
ference the eye can discern, was determined by A.H. Jones 
in 1968 to equal 0.00384.1111Based on the assumption 
that 
comfortable color differences can be equated to comfortable 
luminance differences, Jean Pierre Galves and Jean Brun 
determined experimentally 
that the unitary color difference 


(ECU) for comfortable 
discernability 
is seven times the 
threshold chrominance 
difference (ECTHl. 


ECTH = 0.00384 
ECU 
= 7xO.00384 = 0.027 


The ratio of the chrominance difference of an actual display 
to the unitary chrominance 
difference 
(ECU) is called the 
chrominance index (lDCI. A chrominance index of one would 
imply a display with a color difference just large enough for 
comfortable 
discernability. 
Any chrominance 
index greater 
than or equal to one is desirable. 


(Chrominance 
Index) IDC = ~ 
= 
~ 
ECU 
0.027 


Chrominance 
Contrast 
of Red, Yellow, 
Green 
Displays 
and 
a Gray 
Background: 
To increase chrominance 
contrast 
most 
Hewlett-Packard 
sunlight 
viewable 
displays 
are 
designed with a neutral gray background. 
Figure 21 shows 
the color coordinates for a typical gray background 
and for 
a red, yellow and green LED. As can be seen, the chromatic 
distance between the red LED and the gray background 
is 3 
times the chromatic 
distance between the yellow LED and 
the gray background. 
The difference 
is even greater when 
the chromatic distance between a red LED and gray back- 
ground and green LED and gray background are compared. 
Therefore, for equal sterance a red display has a chrominance 
contrast advantage over the yellow or green display. How- 
ever, all displays can be viewable in sunlight ambients when 
appropriate filtering techniques are employed. 


Figure 
21. 1960 
CIE-UCS 
Chromaticity 
Diagram 
with 
the 
Chromatic Distance Between a Green, Yellow or Red LED and a 
Gray Background. 


Discrimination 
Index(12] 


The luminance and chrominance indices can be combined 
into a figure of merit for readability called the discrimina- 
tion index. The minimum value of discrimination index for 
comfortable readability is achieved when either the lumi- 
nance or chrominance indices are equal to unity. 


To visualize the total achieved contrast between the illumi- 
nated element and its background, the discrimination index 
may be plotted in the three dimensional 1960 CIE-UCS 
photocolorimetric 
space. The photocolorimetric 
space is 
defined in the horizontal plane by the 1960 (U,V) Chro- 
maticity System and in the vertical plane by the logarithmic 
luminance 
scale.1131 In Figure 22, the luminance 
index 
and chrominance index of the illuminated element is plot- 
ted as one point and the display background as another. 
The distance between these two distinct points is the dis- 
crimination index. 


ILLUMINATED 
lED DISPLAY ELEMENT 


10= ~IDL2+IDC2 


LED SEVEN 
SEGMENT 
DISPLAY 
EXAMPLE 


LED Seven Segment Display Package 


Seven Segment LED displays designed for 
high light 
ambient conditions can be used to illustrate the discrimina- 
tion index theory. Figure 23 shows the four sizes of dis- 
plays which allow for viewing distances of 3,6,7 and 10 
meters. These displays are well suited for bright ambient 
applications due to the chrominance contrast provided by 
the display package and luminance contrast due to high 
brightness LEOs. The LEOs are large junction 
gallium 
phosphide chips which have high light output and can be 
driven at increased drive currents. The segment cavities are 
designed to maximize sterance (intensity/unit area) as well 
asto maximize chrominance contrast. The color and reflec- 
tive characteristics of the untinted epoxy segment nearly 
matches the color and reflectance of the gray painted 
background. Thus, the off segments blend into the back- 
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Figure 24. Reflectance Characteristic for the Face of a Gray Body 
Stretched Segment Sunlight Viewable LED Display. 


ground in the off condition and in the on condition the eye 
is not confused as to which segment is illuminated. 


To determine sunlight readability of this particular display 
package diffuse and specular reflectance measurements, 
as defined in Front Surface Reflectance were taken on the 
gray paint and the epoxy. The diffuse measurements wereI 
taken using a MacBeth densitometer 
(RO-100R) which 
-:__ 
measures at an angle of 45° and the specular measure- 
ments were taken using the Hewlett-Packard 8450A spec- 
trophotometer which measures at an angle of 30°. 


Figure 24 shows the typical reflectance characteristics for 
the face of a gray body, seven segment display. The gray 
paint exhibited less than 0.02%specular reflectance and 9- 
12%diffuse reflectance. The epoxy was very close with less 
than 0.02%specular reflectance and 9%diffuse reflectance. 


Filters 
for Contrast 
Enhancement 
- 
Seven 
Segment 
LED 


Displays 


Background diffuse reflectances can be reduced to a low 
level by using a neutral density gray filter with 18-25% 
transmission across the visible spectrum. Besides attenuat- 
ing reflected light off the display the neutral density gray 
filter enhances the chrominance contrast between the illu- 
minated element and the gray display package. 


Another consideration is the reflected ambient light, which 
will significantly reduce the contrast ratio and desaturate 
the color of the LED emitted light. In Table 5, typical values 
of diffuse and specular reflectance are shown for plastic 
filters with textured or untextured front surfaces. 


The specular reflectance of either the untextured 14-6%)or 
textured (2-4%)filter is fairly high. Thus, when viewed at the 
angle of specular reflectance the glare off the filter will wash 
out the light emitting elements. However, untextured plastic 
filters are frequently used in bright sublight. Untextured 
filters have a smooth front surface and therefore exhibit 
large amounts of specular reflectance and little diffuse 
reflectance. As long asthe specular reflectances are directed 
away from the observer's view, the untextured filter will offer 
the advantage of 
minimizing 
diffuse 
reflectance. 
For 
example, the diagram in Table 5 shows how tilting the top of 
the filter slightly forward will direct specular reflectance 
downward, away from the observer's eyes. 


The particular transmittance [15-25%] is dependent upon 
the filter front surface reflectance and desired front panel 
appearance. Plastic filters 
with 
low diffuse 
reflectance 


(0.3-0.7%)give best results at 18%transmission. This lower 
transmission of 18% will also produce a more noticeable 
dead front appearance than a 25% transmission filter. 


Example 
- 
Seven 
Segment 
LED Display 
and Filter 


In the following example, a 0.3-inch yellow LED seven seg- 
ment display (HDSP-4030lis used with an 0.7%diffuse reflec- 
tance, neutral density gray untextured plastic filter with 23% 
transmission in an ambient of 107,000 Im/m2 110,000foot- 
candles!. Only diffuse reflectance is considered because 
the filter has been mounted such that specular reflectances 
are directed away from the eyes of the observer. 


In Figures 25 through 
29 luminance, chrominance 
and 
discrimination 
indices are calculated for two conditions. 


First, with no consideration of front surface reflectance and 
second, for a typical viewing condition where the observer 
only sees diffuse reflectance. As can be seen, the value of 
each index is reduced by front surface reflectance. If an 
engineer fails to consider front surface reflectance in his 
calculations, he may be misled in two ways. First, he may 
believe that a contrast ratio of 1.79:1can be achieved. How- 
ever, when diffuse reflectance is considered, the contrast 
ratio is reduced to 1.42:1.Second, he may also believe that 
the chromatic distance between the illuminated LED and 
the background is 0.0853. However, when desaturation due 
to diffuse reflectance is considered the chromatic distance 
is reduced to 0.0229. 


Finally, when the contrast ratio and chromatic distance are 
combined into the discrimination index, the consequences 
of front surface reflectance are evident. The discrimination 
index without front surface reflectance is 1.58. When front 
surface reflectance is considered, the discrimination 
index 


is reduced to 1.31,which is still above the minimum of 1.0 
for comfortable 
readability. Although 
the discrimination 
index of 1.31is lower than 1.58,it is a more realistic value of 
the discrimination index perceived by the eye. 


Diffuse 
Reflectance 
Specular 
Reflectance 
Plastic 
Filter 
at 0° 
10° 
30° 
Untextured 
.3 - 1.0% 
3.0 - 5.0% 4.0 - 6.0% 
Textured 
6 - 1.3% 
1.0 - 3.0% 2.0 - 4.0% 


NOTE: 
A FilTER 
WINDOW 
CANTED 
FORWARD 
WITH 
RESPECT 
TO THE 
PLANE 
OF 
THE 
fACE 
OF THE 
DISPLAY 
DIRECTS 
REFLECTION 
AWAY 
FROM 
THE 
EYES 


OF AN OBSERVER. 
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Figure 26. Luminance Index - 
Diffuse Front Surface 
Reflectance. 
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Figure 28. Chrominance Index - 
Diffuse Front Surface 
Reflectance. 
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HDSP-4030@ 6.3mcd/ 
segment 
No Front Surface 
Reflectance 


HDSP-4030@ 6.3mcd/ 
segment 
.7%Diffuse Front 
Surface Reflectance 


1.69 


3.16 


v'1.692+ 3.162 


3.58 


.99 


.85 


-1992 + .852 


1.31 


FILTER RECOMMENDATIONS FOR SEVEN 
SEGMENT DISPLAYS 


Plastic, 0.7% Diffuse Reflectance 


To obtain filter recommendations for design engineers, 
three red, yellow, and green seven segment displays were 
modeled in a computer program in the same fashion as 
the previous example. A variety of untextured plastic 
filters, each with a typical diffuse front surface reflectance 
of 0.7% were also modeled, and discrimination indices 
calculated 
in 
an 
ambient 
of 
107,000 Im/m2 (10,000 
footcandles). Based on the discrimination index theory 
and observation at Hewlett-Packard, the following rec- 
ommendations are suggested to maximize readability. 


For High Efficiency RedSevenSegment Displays,A Neutral 
Density Gray Filter or Double Band Pass Filter Produces 
Highest Values of Discrimination Index (see Figure 30). 


Figure 30 summarizes 
luminance, 
chrominance 
and 
discrimination 
indices for neutral density gray (23%T), 


long pass (70%T at LED peak). and double band pass 
(520-560nm 30%T, 610-660nm 30%T) filters. The chro- 
minance index of the neutral density gray filter is seven 
times the chrominance index of the long pass red filter. 
This is because the color of the display background is a 
function of its reflectivity and the wavelengths of reflected 
light. The gray background of seven segment displays 
reflects all wavelengths of visible light equally. The neutral 
density gray filter also attenuates all wavelengths of visible 
light 
equally, 
and therefore, the 
display 
background 
maintains its original gray color. This is advantageous 
because the large color 
difference between the gray 
background and red illuminated LED improves readability. 


On the other hand, the long pass red filter does not 
attenuate all wavelengths of visible light equally. It passes 
wavelengths only in the red region which causes the gray 
display background to appear red in color. For this reason, 
red filters that are perfectly acceptable indoors are difficult 
to use in bright sunlight, where there is very little color 
difference 
between the red background 
and the red 


illuminated LED, 


A theoretical 
double 
band pass filter 
was also pro- 
grammed into the computer. The idea was to create a 
greater chrominance difference between the illuminated 
element and the background by passing more reflected 
light at a wavelength other than that of the illuminated 
LED. In this case, a chrominance 
index of 4.03 was 
achieved in comparison to a chrominance index of 3.07for 
a neutral density gray filter. The resulting discrimination 


index of 4.17 is larger than the discrimination index of 3,21 
for a neutral density gray filter, This double band pass 
filter may be achievable by placing a purple filter (50%T) 
behind a neutral density gray filter (45%T). 
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AMBIENT'" 
107.000 
lum/m2 


.7% 
DIFFUSE 
Fil 
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For Yellow SevenSegment Displays a Combination Neutral 
Density Gray/Amber or Neutral Density Gray Filter Produ- 
ces High Values of Discrimination Index (see Figure 31). 


@ 6.3 mcd/segment 


AMBIENT 
= 107,000 
lum/m2 


.7'" DIFFUSE 
FILTER 
REFLECTANCE 


III 


NO GRAY 
23% TRANSMISSION 


IDL = 
.99 


IDC" 
.85 


10 = 1.31 


NEUTRAL 
DENSITY 
GRAY·AMBER 


IDL 
= 1.16 
IDC 
= 
.96 
10'" 1.50 
Yl 
I 
500 NM 
583 NM 


The value of discrimination 
index for a neutral density 
gray/amber filter with 20%transmission at the LED peak is 
1.50; and for 
a neutral density 
gray filter 
with 
23% 
transmission across the visible spectrum is 1.31. Of these 
two filters the luminance and chrominance indices of the 
amber/neutral density gray filter is slightly higher than the 
luminance and chrominance indices of the neutral density 
gray filter. Either filter is acceptable depending on the 
desired front panel appearance. 


For Green Seven Segment Displays a Neutral Density 
Gray Filter Produces Highest Values of Discrimination 
Index (see Figure 32). 


A neutral density gray filter with 23%transmission acrossthe 
visible spectrum produces a discrimination index of 1.10. 
Another possibility is a double band passfilter which would 
increase the chrominance difference between the illumi- 
nated LED and the background by passing reflected light of 
a wavelength other than that of the illuminated LED. How- 
ever, the feasibility of production and expense of this filter 
may not warrant Its development for use with green seven 
segment displays. 


@ 4.5 mcd/segment 


AMBIENT'" 
107,000 
tum/m2 


.7% DIFFUSE 
FilTER 
REFLECTANCE 


I 
I 
I 
I 
I 
I 
I 
I 
I 


NO 
GRAY 


23% TRANSMISSION 


IDl'" 
.98 
IDC'" 
.50 
ID 
'" 1.10 


I 
I 
569 583 


1.0 


.75 


.50 


.30 
.25 
T 
I 


0 
I 
I 
500 NM 
569 NM 


DOUBLE 
BAND 
PASS 


IDl=1.17 
IDC'" 
1.13 


10'" 1.63 


Plastic, Louvered Fillers 


A louvered filter operates similarly to a venetian blind. As 
shown in Figure 33, light from the LED display passes 
between the louvers to the observer. On the other hand, 
incoming off-axis ambient light is blocked by the louvers 
and therefore is not reflected off the face of the display 
back to the observer. Although this results in a very high 
contrast ratio, the trade-off is a restricted viewing angle. 
For example, the zero degree louver filter shown in Figure 
33 has a horizontal viewing angle of 180°, however, the 
vertical viewing included angle is 60°. The louver aspect 
ratio (louver depth/distance between louvers) determines 
viewing angle. 


Some applications require a louver orientation other than 
zero degrees. For one example, an 18° louvered filter may 
be used on the sloping top surface of a point of sale 
terminal. A second example is the use of a 45° louvered 
filter on overhead instrumentation to block out ambient 
light from ceiling mounted lighting fixtures. 
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1 .480 
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45' 
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/ 
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/' 
J 
LIGHT 
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In bright sunlight, neutral density filters with transparent 
black louvers are most effective. A secondary colored filter 
may be placed behind the neutral density louvered filters 
to increase color contrast at the expense of LED emitted 
light. 
For 
sunlight 
applications, 
two 
different 
louver 
options are recommended. First a 45° neutral density 
louvered filter 
is 
recommended. 
This 
particular 
filter 
produces a horizontal and vertical included viewing angle 
of 
60° 
for 
a 
louver 
aspect ratio 
of 2.75:1. Another 
possibility 
is a neutral density crosshatch filter which 
increases the contrast but further reduces the vertical and 
horizontal viewing angle to 40° for a louver aspect ratio of 
2.75:1. A crosshatch filter is essentially two zero-degree 
neutral density louvered filters oriented at 90° to each 
other. With this filter, red, yellow and green digits mounted 
side by side will be clearly visible as long as the sunlight is 
not parallel to the viewing axis. 


Louvered filters for LED displays are manufactured by 3M 
Company, Light Control Division, St. Paul, Minnesota. 
I 


DOT MATRIX LED DISPLAY EXAMPLE 


Dot Matrix LED Display Package 


Dot Matrix 
LED displays 
can also 
be used to illustrate 
the 
discrimination 
index 
theory. 
Figure 
34 shows 
a particular 
dot 
matrix 
alphanumeric 
display, 
with 
four 
characters 
in 
each 
package. 
These 
displays 
are well 
suited 
for 
bright 
ambient 
applications 
due 
to 
the 
high 
sterance 
of 
each 
individual 
dot 
in the 
5x7 
matrix. 


The display 
package 
consists 
of a dark ceramic 
substrate, 


140 LED chips 
and two integrated 
circuits 
all covered 
by a 
transparent 
glass window. 
Each of these materials 
and the 
interconnecting 
gold 
traces 
reflect 
light. 
To 
determine 
sunlight 
readability 
of 
this 
particular 
package, 
specular 
and diffuse 
reflectance 
measurements 
were taken on each 
of 
the 
package 
materials. 
For 
this 
particular 
display 
package, 
the 
diffuse 
measurements 
were 
taken 
using 
a 
MacBeth 
densitometer 
(RD-l00R) 
which 
measures 
at an 
angle 
of 45° 
and the specular 
measurements 
were 
taken 
using 
the 
Hewlett-Packard 
8450A 
spectrophotometer 
which 
measures 
at an angle 
of 30°. 


Figure 
35 shows 
that without 
a filter 
this display 
has a high 
amount 
of 
specular 
reflectance 
due 
to 
the 
traces, 
LED 
chips, 
IC's and 
the 
glass 
window. 


Filters for Contrast 
Enhancement - 
Dot Matrix Display 


Specular 
reflectances 
off 
the 
display 
package 
can 
be 
reduced 
to a very 
low 
level by using 
a circular 
polarizer. 
The 
circular 
polarizer 
shown 
in Figure 
36 consists 
of a 
linear 
polarizer 
and 
a 
quarter 
wave 
plate 
laminated 
together. 
The 
linear 
polarization 
axis is oriented 
at 45° to 
the 
optical 
axis 
of the quarter 
wave 
plate. 
Non-polarized 
sunlight 
passing 
through 
the linear 
polarizer 
is broken 
into 
x and y components 
which 
emerge 
from 
the quarter 
wave 
plate, 
90° 
out 
of 
phase, 
circularly 
polarized. 
Upon 
reflection 
by the 
specular 
reflecting 
display 
surface, 
the 
direction 
of 
this 
circular 
polarized 
light 
is 
reversed. 
Passing 
back 
through 
the quarter 
wave plate, the x and y 
components 
are placed 
back 
in phase, 
but since 
they are 
linearly 
polarized 
at 
90° 
to 
the 
linear 
polarizer, 
this 
reflected 
light 
is absorbed 
by the 
filter. 


Another 
consideration 
is the ambient 
light 
reflected 
off the 
front 
surface 
of the filter. 
Too much 
reflected 
ambient 
light 
will 
significantly 
reduce 
the contrast 
ratio 
and desaturate 
the 
color 
of 
the 
LED 
emitted 
light. 
Untextured 
plastic 


filters 
are frequently 
used, and they can perform 
quite well 
in bright 
sunlight 
if they are mounted 
in such 
a way as to 
direct 
specular 
reflectances 
away 
from 
the 
observer's 
eyes. 
For 
sunlight 
ambients 
where 
specular 
reflectance 
cannot 
be directed 
away from 
the observer's 
eyes, a glass 
filter 
with a quarter 
wavelength, 
anti-reflection 
coating 
can 
be used. 
This 
optical 
coating 
minimizes 
specular 
reflec- 
tances 
by reducing 
the apparent 
index 
of refraction 
of the 
glass filter to a value which 
closely 
approximates 
the index 


of refraction 
of air. 


This 
index 
matching 
reduces 
the amount 
of LED emitted 
light 
lost at the glass to air interface 
and also 
reduces 
the 
amount 
of ambient 
light 
reflected 
off the front 
surface 
of 
the 
filter. 


The 
amount 
of 
LED 
emitted 
light 
lost 
at 
the 
glass-to- 
air 
interface 
can 
be calculated 
by 
the 
index 
of 
refrac- 
tion 
equation 
discussed 
in Peak Wavelength 
and Filter 
Transmission. 


Where 
n, = index 
of 
refraction 
for 
filter 
material 
n2 = index 
of 
refraction 
for 
air 


For a clear uncoated 
glass the reflection 
loss as calculated 
below 
is 10.6%. 


R = (1.6 - 
1.0)2 = 0.053 
(21) 
1.6 + 1.0 


Where 
n = 1.6, a typical 
index 
of refraction 
for glass 
n = 1.0, index 
of 
refraction 
for 
air 


In Table 
6 typical 
values 
of specular 
and 
diffuse 
reflec- 
tance 
are shown 
for 
a commercial 
grade 
HEA<I!l coating 
supplied 
by Optical 
Coating 
Laboratories 
in Santa 
Rosa, 
California. 
The reflectance 
of the commercial 
grade 
HEA<I!l 


coating 
(#11-002A) 
was 
measured 
on 
a Gardner 
Haze- 
guard 
XL-211 
Hazemeter 
(diffuse 
reflectance) 
and 
a 


Table 6. Typical 
Values of Dilluse 
and 
Specular 
Reflectance 
for HEA Coatings. 


Specular 
Reflectance 
Diffuse 
Reflectance 


Angle 
of 
Commercial 
Military 
Both 
Incidence 
Grade 
Grade 
Grades 


10° 
.10% 
.05% 
<.02% 
30° 
.25% 
.10% 
.02% 


45° 
.45% 
.25% 
.04% 


Beckman 
DK2A Spectrophotometer 
(specular 
reflectancel. 


As can be observed 
from the table, HEA coatings 
are most 


effective 
between 
0 and 30°. 
Also 
shown 
on Table 
6 are 


reflectance 
values 
for 
a military 
grade 
coating 
- 
data 


supplied 
by 
manufacturers 
of 
anti-reflection 
coatings. 
Since the values of specular 
reflectance 
are very low (0.20- 
0.45%), 
these 
filters 
can 
be 
used 
in diffuse 
as well 
as 
specular 
reflecting 
viewing 
conditions. 
As 
illustrated 
in 
Figure 
37, the 
specualar 
reflectance 
of the 
commercial 
grade 
coaling 
(#11-002A) 
is 
typically 
0.25% 
for 
any 


wavelength 
in the visible 
spectrum. 
For a piece of optically 


coated 
clear 
glass, 
the 
amount 
of 
LED 
light 
lost at the 
glass-to-air 
interfaces 
due 
to 
reflection 
is 
0.50%. 
A 
reflectance 
loss 
of 
0.50% 
through 
a clear 
coated 
glass 


filter 
is considerably 
less than 
10.6% for a clear 
uncoated 
glass 
filter. 


R =(1.105 
- 
1.0)~ 
0.0025 
1.105 + 1.0 


Where 
n = 1.105, a typical 
index 
of 
optically 
coated 
glass 


Reflection 
Loss = 2 (0.0025) (100%) = 0.5% 
(24) 


The amount 
of ambient 
light 
reflected 
off the face 
of an 


optically 
coated 
glass 
filter 
can 
also 
be calculated. 
The 
luminous 
sterance 
of 
the 
specular 
reflected 
glare 
in 
a 
107,000 Im/m2 ambient 
is 267 cd/m2 for coated 
giass with 
0.25% 
reflectance, 
which 
is considerably 
less than 
2140 


cd/m2 for an untextured 
plastic 
filter 
with 2.0% reflectance 
or 4280 cd/m2 
for 
an uncoated 
piece 
of glass 
with 
4.0% 
refl ecta nce. 


Several 
manufacturers 
produce 
filters 
consisting 
of a cir- 


cular 
polarizer 
sandwiched 
between 
two 
pieces 
of glass, 


one of which 
is optically 
coated. 
The 
Polaroid 
HNCP10, 


a neutral 
density 
gray circular 
polarizing 
filter 
with 10-12% 


transmission 
across the visible 
spectrum 
is one such filter. 


Figure 
38 is a cut away 
view 
of the filter, 
and 
Figure 
39 
portrays 
its spectral 
characteristics. 
The top curve depicts 
the 
transmission 
of 
unpolarized 
light 
(LED 
emitted 
light 
and 
diffuse 
reflectances), 
and 
the 
bottom 
curve 
the 
transmission 
of 
polarized 
light 
(specular 
reflectances). 


The 
bottom 
curve 
shows 
that specular 
reflectances 
from 
the glass 
window 
of the 
display, 
the top 
surfaces 
of the 
LED's 
and 
the 
on 
board 
IC's are reduced 
to a very 
low 
level. 
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Figure 37. Front Surface Reflectance of Glass with Double Sided 
1/4 Wave Optical Coating. 
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Figure 39. Spectral Characteristics of a Circular Polarizing 
Optically Coated Glass Filter. 
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Example - 
Dot Matrix LED Display and Filter 


In the following 
example, 
a 0.20 inch 
green 
LED alpha- 
numeric 
dot 
matrix 
display 
(HDSP-2303) 
is used 
with 
a 
0.25% optically 
coated 
neutral 
density 
gray circular 
polar- 
izing 
filter 
with 
12-14% 
transmission 
in 
an 
ambient 
of 
107,000 Im/m2 (10,000 footcandles!. 
The angle chosen 
for 
analysis 
is 30° 
off 
axis. 
This 
represents 
the 
maximum 
angle 
at 
which 
anti-reflection 
coatings 
are 
still 
very 


effective. 


In Figures 
40, 41, and 
42 luminance, 
chrominance 
and 
discrimination 
indices 
are calculated 
for three conditions. 
First, 
with 
no consideration 
of front 
surface 
reflectance, 


second, 
a typical 
viewing 
condition 
where 
the 
observer 
sees 
only 
diffuse 
reflectance 
and 
finally, 
a worst 
case 
viewing 
condition 
where 
the 
observer 
sees both 
diffuse 
and 
specular 
reflectance 
combined. 
The 
last 
two 


conditions 
are 
described 
and 
illustrated 
in 
the 
Front 
Surface Reflectance 
section. 
As can be seen, the value of 
each 
index 
is reduced 
by front 
surface 
reflectance. 
If an 
engineer 
fails to consider 
front 
surface 
reflectance 
in his 
calculations, 
he may be misled 
in two ways. First, he may 
believe 
that 
a contrast 
ratio 
of 7.43:1 
can 
be achieved. 


LOG CR 


0.15 


LvS + LvB + LvG + LvF 


LvB + LvG + LvF 


1248cd/m2 + 194cd/m2 + 6.8cd/m2 


194cd/m2 + 6.8cd/m2 


LOG CR 


0.15 


LvS + LvB + LvG + LvF 


LvB + LvG + LvF 


1248cd/m2 + 207cd/m2 + 274cd/m2 


207cd/m2 + 274cd/m2 


COLOR 
ON SEGMENT", 
COLOR 
LEO 
BACKGROUND 
= 25% SPECULAR 
REFLECTANCE 
8% DIFFUSE 
REFLECTANCE 


ON SEGMENT, 
DIFFUSE 
REFLECTANCE 


.4 
J~u2 
+ ~v2 
••. 0493 


COLOR 
ON SEGMENT 
•• COLOR 
LED 
+ COLOR 
REFLECTIONS 
BACKGROUND" 
25% SPECULAR 
REFLECTANCE 
8% DIFFUSE 
REFLECTANCE 
FIL TER 
= .25% SPECULAR 
REFLECTANCE 
.02% DIFFUSE 
REFLECTANCE 


No Front Surface 
Reflectance 
Diffuse 
Front Surface 
Reflectance 


IDC 
J uu2 + .lv2 


IDC 
Juu2 + uv2 


0.027 
0.027 


Juu2 + uv2 
0.0565 
J uu2 + .lv2 
0.0493 


IDC 
0.0565 
IDC 
0.0493 
0.027 
0.027 


IDC 
2.09 
IDC 
1.83 


However, when 
diffuse 
reflectance 
is considered, 
the 
contrast ratio is reduced to 7.23:1. When both diffuse and 
specular reflectances are considered, the contrast ratio is 
significantly 
reduced 
to 
3.59:1. Second, he may also 
believe 
that 
the 
chromatic 
distance 
between 
the 
il- 
luminated LED and the background is 0.0565. However, 
when 
desaturation 
due to 
diffuse 
reflectance 
is con- 
sidered, the chromatic distance is reduced to 0.0493, and 
when both specular and diffuse 
reflectances are con- 


sidered, the chromatic 
distance 
is further 
reduced to 
0.0390. 


Finally, when the contrast ratio and chromatic distance 
are combined 
into the discrimination 
index, the con- 


sequences of front surface reflectance are evident. The 
discrimination 
index without front surface reflectance is 
6.18; with diffuse front surface reflectance is 6.0;and when 
both specular and diffuse reflectances are considered, it is 
3.97. Although both 6.0 and 3.97 are lower numbers than 
6.18, 
they 
represent 
more 
realistic 
values 
of 
the 
discrimination 
index perceived by the eye. 


Diffuse 
and Speculer 
Front Surface 
Reflectance 


J.lu2 + ilv2 


0.027 


0.0390 


0.0390 
0.027 


1.44 
• 


(HDSP-2303 at 482 Ilcd/dot) 
No Front Surface Reflectance 


IDL 
= 5.81 


IDC 
= 2.09 


ID 
=/5.812 + 2.092 


ID 
= 6.18 


FILTER 
RECOMMENDATIONS 
FOR DOT MATRIX 
DISPLAYS 
(CIRCULAR 
POLARIZERS, 
OPTICALLY 
COATED 
GLASS) 


To 
determine 
filter 
recommendations 
for 
design 
en- 
gineers, 
three 
green, 
yellow, 
and 
high 
efficiency 
red 
alphanumeric 
displays 
were 
modeled 
in 
a 
computer 
program 
in the same fashion 
as the previous 
example. 
A 


variety 
of 
filters 
each 
consisting 
of 
a circular 
polarizer 
sandwiched 
between 
optically 
coated 
glass were also mod- 


eled, 
and discrimination 
indices 
calculated 
in an ambient 


of 107,000 
Im/m2 (10,000 
footcandles). 
Figures 43, 44, and 


45 summarize 
the 
results 
for 
each 
of the 
three 
colors. 


Based on the discrimination 
index theory 
and observation 
at Hewlett-Packard, 
the following 
filter 
recommendations 
are suggested 
to maximize 
readability. 


For Green Displays, a Neutral Density Gray or a Double 
Band Pass Filler may Increase the Discrimination Index 
(see Figure 43). 


A neutral 
density 
gray filter 
with 
14% transmission 
across 
the 
visible 
spectrum 
produces 
a discrimination 
index 
of 
3.97. 


To 
increase 
the 
chrominance 
difference 
between 
the 
illuminated 
LED and the background 
by passing 
reflected 
light 
of a wavelength 
other 
than 
that 
of the 
illuminated 
LED, a double 
band 
pass filter 
was also 
modeled. 
In this 
case, 
a 
chrominance 
index 
of 
3.87 
was 
achieved 
in 
comparison 
to the chrominance 
index of 1.44 for a neutral 
density 
gray 
filter. 
This 
particular 
band 
pass filter 
passes 
30% 
of 
the 
LED 
emitted 
light 
in 
a 
20 
nm 
bandwidth 


(560-580 
nm) and 60% of the red ambient 
light in a 40 nm 
bandwidth 
(610-650 
nm). The final 
discrimination 
index is 
5.20. 


(HDSP-2303 at 482 Ilcd/dot) 
Diffuse Front Surface Reflectance 


IDL 
= 5.72 


IDC 
= 1.83 


ID 
=/5.722 + 1.832 


ID 
= 6.00 


(HDSP-2303 at 482 Ilcd/dot) 
Diffuse and Specular Front Surface Reflectance 


IDL 
= 3.70 


IDC 
= 1.44 


ID 
=13.702+1.442 


ID 
= 3.97 


INTENSITY: 
'=' 482,ucd/dot 
AMBIENT: 
'" 107,OOOlum/m2 


FILTER: 
= CIRCULAR 
POLARIZER 
HEA COATING 
(.25%) 
REFlECTANCE: 
'" DIFFUSE 
AND 
SPECULAR 
@ 30~ 


, 
I 


W/37% 
T 


CIRCULAR 
POLARIZER 


NO GRAY 
14% TRANSMISSION 


IDl 
= 3.70 


IDC '" 1.44 
10 = 3.97 


DOUBLE 
BAND 
PASS 


IDL 
= 3.47 


IDC = 3.87 
ID = 5.20 


For Yellow Displays, a Neutral Density Gray/Amber Filter 
Combination or a Neutral Density Gray Filter Yields High 
Values of Discrimination Index (see Figure 44). 


The value of discrimination 
index for an amber/neutral 
density gray filter with 11%transmission at the LED peak 
is 3.32; and for a neutral density gray filter with 14% 
transmission 
across 
the 
visible 
spectrum, 
the 
dis- 
crimination 
index 
is 
2.87. Of 
these 
two 
filters, 
the 
amber/neutral density gray filter used with a yellow LED 
display produces the highest values of chrominance and 
discrimination 
indices. Another possibility not shown in 
Figure 44 is a double band passfilter with 35%transmission 
between 570-590 nm and 60% transmission between 630- 
660 nm. Although 
this filter yielded highest values of 
discrimination index 13.81J. it is questionable whether its 
development would be cost effective and if the added 
improvement would be significantly noticeable. 


INTENSITY 


AMBIENT 
FILTER 
REFLECTANCE 


2281lcd/dot 
101.0001um/m2 


CIRCULAR 
POLARIZER 
HEA COATING 
1.25%J 


DIFFUSE 
AND 
SPECULAR 
~ 30 


, 
I 


NO 
GRAY 


14% TRANSMISSION 


IOL '" 2.32 
IDC'" 
1.69 
to,. 2.87 


./ ~ 


.2' 
.15 


o 


500 NM 


AMBER 
- 


NEUTRAL 
DENSITY 
GRAY 


IOl '"2.65 
IDC •• 1.99 
10" 3.32 


For High Efficiency Red Displays, a Neutral Density Gray 
Filter Produces High Values of Discrimination Index (see 
Figure 45). 


Figure 
45 summarizes 
luminance, 
chrominance 
and 
discrimination 
indices for neutral density gray (14%T), 


long pass (70%T at LED peak), and double band pass 
filters 
(520-560 
nm 50%T, 610-660 
nm 30%T). The 
chrominance index of the neutral density gray filter is ten 
times the chrominance index of the long pass red filter. 
This is because the color of the display background is a 
function of its reflectivity and the wavelengths of reflected 
light. 
The gray background 
of alphanumeric displays 


reflects all wavelengths of visible light equally. The neutral 
density gray filter also attenuates all wavelengths of visible 
light 
equally, 
and 
therefore, 
the display 
background 
maintains its original gray color. This is advantageous 
because the large color 
difference 
between the gray 
background and red illuminated LED improves readability. 
On the other hand, the high pass red filter does not 
attenuate all wavelengths of visible light equally. It passes 
wavelengths only in the red region which causes the gray 
display background to appear red in color. For this reason, 
red filters that are perfectly acceptable indoors are difficult 
to use in bright sunlight, where there is very little color 
difference 
between the red background 
and the red 
illuminated LED. 


A theoretical 
double 
band pass filter 
was also pro- 
grammed into the computer. The idea was to create a 
greater chrominance difference between the illuminated 
element and the background by passing more reflected 
light at a wavelength other than that of the illuminated 
LED. In this case, a chrominance 
index of 6.50 was 
achieved in comparison to a chrominance index of 5.62for 
a neutral density gray filter. This double band pass filter 
may beachievable by placing a purple filter 150%T)behind a 
neutral density gray filter (30%T). 


INTENSITY: 
;; 228~cd/dot 
AMBIENT: 
= 
107,000 
lum/m2 


FilTER: 
= CIRCULAR 
POLARIZER 
HEA COATING 
(.25%) 


REFLECTANCE: 
'" DIFFUSE 
AND SPECULAR., 
300 


1.0 


, 
I 


WITH 
CIRCULAR 
POLARIZER 


I.3. 


NO GRAY 
14% TRANSMISSION 


IOl·2.33 
IDe 
•• 5.62 
10·6.09 


lONG 
PASS RED 


IOl = 3.42 
IDC" 
0.58 
10"" 3.47 
I 


DOUBLE 
BAND 
PASS 


IDL" 
1.67 


IDe'"' 
6.50 
10'"' 6.71 


In the 
previous sections 
filter 
recommendations 
that 
pertain 
specifically 
to 
seven segment 
displays 
and 
alphanumeric displays have been discussed. There are 
also some general 
recommendations 
that 
should 
be 
followed when choosing any LED display and filter for use 
in a bright sunlight ambient. The four most important 
general recommendations are discussed in this section. 


Front Surface Filter Reflectance Should be Reduced 
(see Figure 46). 


This is important because as the front surface reflectance 
is 
reduced, 
the 
discrimination 
index 
increases. 
For 
example, an uncoated neutral density circular polarizing 
glass 
filter 
(14%TI 
with 
4.0% specular 
reflectance 
provides a discrimination index of 0.82. This same glass 
filter with an optical coating of 0.45% provides a discrimi- 
nation index of 3.23. On the other hand, the same filter 
with a coating of 0.25% provides a discrimination index of 
3.97, while a military grade circular polarizing coated filter 
of 0.10%provides a discrimination index of 4.86. 


5.0 
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1j 
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GREEN 
c 
ALPHANUMERIC 
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" 
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0 
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3.0 
4.0 
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OF 
OPTIMAL 
TRANSMISSION 
20 
40 
60 
80 


NEUTRAL 
DENSITY 
GRAY 
FIL TEA 
TRANSMISSION 
1% TI 


For a Given Front Surface Filter Reflectance, The Optimal 
Neutral Density Gray Filter Transmission Can be 
Determined (see Figure 47). 


The optimal neutral density gray filter transmission is 
dependent 
upon 
the 
amount 
of 
front 
surface 
filter 


reflectance and the reflectance of the materials in the 
display package. 


As an example, a plastic neutral density gray filter with 
0.7%diffuse reflectance used with a yellow seven segment 
display 
has an optimal 
transmission 
of 18-23%. This 
produces 
a 
discrimination 
index 
of 
1.31 for 
a 23% 


transmission filter. A significantly lower transmission filter 
of 10% will attenuate display emitted light too much in 
comparison to the amount of front surface reflected light, 
and its discrimination index will be less than 1.31. On the 
other hand, a significantly 
higher transmission filter of 
60% will transmit too much background reflected light, so 
the discrimination index will also be less than 1.31. 
As another example, a neutral density gray circular polar- 
izing optically coated glass filter with 0.25%anti-reflection 
coating used with a green alphanumeric display has an 
optimal transmission of 10-14%.This produces a discrimi- 
nation index of 3.97 for a 14% transmission filter. 
A 
significantly lower transmission filter of 6% will attenuate 
display emitted light too 
much in comparison to the 
amount of front surface reflected light, and its discrimina- 
tion index will be less than 3.97. On the other hand, a 
significantly higher transmission filter of 40% will transmit 
too much background reflected light, so the discrimination 
index will also be lessthan 3.97. 


Reduce Incident Ambient Light When Possible 
(see Figure 48). 


As shown in Figure 48, as ambient light is reduced, the 
discrimination 
index is increased. As an example. in an 
ambient of 107.000 Im/m2, the background reflected light 
off a gray bodied seven segment display is 721 cd/m2, 
plastic 
filter 
reflected 
light 
is 
681 
cd/m2 
and 
the 
discrimination index is 1.31. If the ambient is decreased to 
50,000 Im/m2, the background reflected light is reduced to 
337 cd/m2, 
filter 
reflected light to 318 cd/m2, 
and the 


discrimination index is increased to 2.29. 


g 
1jc 
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>= 
<{zi 
" 
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15 
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HDSP·2303 
GREEN 
ALPHANUMERIC 
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FILTER 
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As a second example, in an ambient of 107,000 Im/m2, the 
background reflected light off an alphanumeric display Is 
207 cd/m2, optically coated filter reflected light Is274 cd/m2, 
and the discrimination 
index is 3.97. If the ambient is 


decreased to 70,000 Im/m2, the background reflected light 
is reduced to 135 cd/m2, filter reflected light to 180 cd/m2, 
and the discrimination 
index is increased to 4.91. 


High Efficiency Red LEDs Product Highest Values of 
Discrimination Index (see Figure 49). 


For high efficiency red, yellow, and green seven segment 
displays of data sheet typical intensity, all filtered with a 
23% transmission 
neutral 
density 
gray 
filter, 
discrim- 


ination index values are 3.21 for high efficiency red, 1.31 
for 
yellow 
and 
1.10 
for 
green. 
The 
difference 
in 


discrimination 
indices 
is due to 
differences 
in chro- 
minance 
indices. 
The 
chrominance 
index 
of 
a 
high 


efficiency 
red 
display 
is 
3 
times 
greater 
than 
the 


chrominance index of the yellow display. This is shown by 
referring back to the 1960 CIE chromaticity diagram (see 
Figure 
21I. On this diagram, 
the chromatic 
distance 
between the neutral density gray background 
and a red 
LED is approximately 3 times as large as the chromatic 
distance 
between the neutral density gray background 
and the yellow LED. 


Similarly, for high efficiency red, yellow, and green alpha- 
numeric displays of data sheet typical intensity, all filtered 
with a 14%T circular polarizing optically coated filter, the 
discrimination 
index values are 6.09 for high efficiency 


red, 2.87 for yellow and 3.97 for green. Again, the high 
efficiency red display has the greatest chrominance index 
followed by yellow and green respectively. In this case the 
discrimination 
index for the green display is greater than 


the yellow display due to the higher light output of green 
LEOs. 


Ambient: 107,000 Im/m2 


Filter: Neutral Density Gray Plastic (23%T) 
.7% Diffuse Filter Reflectance 
Reflectance: Diffuse Only 


LED 
Device 
Background 
Luminance 
Chrominance 
Discrimination 
Color 
Intensity 
Reflectance 
Index 
Index 
Index 


High 
Efficiency 
6.3 mcd/seg 
12% 
0.96 
3.10 
3.21 
Red 


Yellow 
6.3 mcd/seg 
12% 
0.99 
0.85 
1.31 


Green 
4.5 mcd/seg 
7% 
0.98 
0.50 
1.10 


Ambient: 107,OOOlm/m2 


Filter: Neutral Density Gray Glass (14%T) 
Circular Polarizer, Optically Coated Glass (.25% Specular Reflectance) 
Reflectance: Diffuse and Specular at 300 


LED 
Device 
Luminance 
Chromlnance 
Discrimination 
Color 
Intensity 
Index 
Index 
Index 


High 
Efficiency 
228/lcd/OOT 
2.33 
5.62 
6.09 
Red 


Yellow 
228/lcd/OOT 
2.32 
1.69 
2.87 


Green 
482/lcd/OOT 
3.70 
1.44 
3.97 
I 


SPECIFIC 
MANUFACTURERS 
OF NEUTRAL 
DENSITY 
PLASTIC 
AND 
GLASS 
FILTERS 


Table 7 lists several neutral density filters that can be used 
with Hewlett-Packard Sunlight Viewable LED Displays. 
For increased contrast the neutral density filters can be 
combined with some of the wavelength filters listed in 
Table 4. For example. an amber filter combined with a 
neutral density filter can enhance chrominance contrast. 
In addition. Table 8 lists Hewlett-Packard displays that are 
specifically designed for Sunlight Ambient Applications. 


Table 7. 
A List of Neutral Density Filters For Use With 
Sunlight Viewable LED Displays 


Filler Product 
Manufacturer 


H1DO-1266Gray 
SGL HOMALITE 
Hl00-1250 Gray 
11 Brookside Drive 


H1DO-1230Bronze 
Wilmington, DE 19804 
(Plasticl 
(3021652-3686 


Plexiglas® 
Rohm and Haas 


2074 Gray 
Independence Mall West 
2370 Bronze 
Philadelphia, PA 19105 
2538 Gray 
12151392-3000 


(Plasticl 


Spectrafilter® 
Chequers Engraving, Ltd. 


Gray 105 
1-4 Christina Street, 


IPlastic) 
London EC2A 4PA 
01-739-6964/5 


Panel Film® 
3M-Company 


Light Control Film® 
Industrial Optics 


ILouvered) 
Carbon less, Related Products 


ND0210 50% Gray 
225-35 3M Center 


ND0220 27% Gray 
SI. Paul, MN 55144 


(Plasticl 
(6121733-4403 


Chromafilter® 
Panelgraphic Corporation 
Gray 15 
10 Henderson Drive 
Gray 10 
West Caldwell, NJ 07006 


(Plasticl 
(201) 277-1500 


Optically Coated Glass 
Optical Coating Laboratories, Inc. 


HEA'" Double Sided 
2789 Northpoint 
Parkway 


Antireflection 
Coating 
Santa Rosa, CA 95401-7397 


IGlassl 
17071545-6440 


Optically Coated Glass 
Polaroid Corporation 
With Circular Polarizer 
Technical Polarizer Division 


HNCP10 Gray 
1 Upland Road 


IGlass and Plasticl 
Norwood, MA 02062 
16171769-6800 


HACP15 Amber/Gray 
With Circular Polarizer 


(Plastic) 


Liberty Mirror 
Division of Libbey-Owens-Ford 
Company 
Brackenridge, 
PA 15014 


Optically 
Coated Glass 
(412) 224-1800 


With Circular 
Polarizer - 
Precision Glass Laminations 


Made to Customer 
324 Yolando 


Specification 
Santa Rosa, CA 95404 
(707) 528-9070 


Marks Polarized 
153-16 10th Avenue 
Whitestone, 
NY 11357 


12121767-9600 


Table 8. 
Hewlett-Packard Displays for Sunlight Ambient 
Applications 


Display 
Size 
Part Number 


Seven Segment 
0.3 in. 
HDSP-7400,7500,7800 series 


Displays 
0.3 in. 
HDSP-3530,3600,4030 series 


0.43 in. 
HDSP-3730,4600,4130 series 


0.56 in. 
HDSP-5530,5600,5730 series 


0.80 in. 
HDSP-3900,8600,4200 series 


Alphanumeric 
0.15 in. 
HDSP-2000 series 


Displays 
0.20 in. 
HDSP-2300 series 
0.27 in. 
HDSP-2490 series 


Ultra-Bright 
T13/4 
HLMP-3750,3850,3950 
Lamps 
T13/4 
HLMP-3390,3490,3590 


Lo-Dome 


T-l 
HLMP-1349,1440,1540 


Footnotes 
and 
References 


1. Galves, 
Jean-Pierre, 
Brun, 
Jean. 
Color 
and 
Brightness 


Requirements 
lor 
Cockpit 
Displays: 
Proposal 
to Evaluate 
their 
Characteristics. 
Twenty-ninth 
Agard 
Avionics 
Panel 
Technical 
Meeting. 


2. IES Lighting Handbook, 5th ed., IES, New York, 1972. 


3. Wysecki, 
Gunter, Stiles, W.S. Color Science Concepts and 


Methods, 
Quantitative 
Data and 
Formulas, 
1967. Chpl. 
1, 


pp. 1-43. 


4. Galves, op. cil. 


5. Evans, Dave. Sunlight 
Viewable Displays, Optoelectronics 


Applications 
Manual, 
Section 
II. 
1977 
Hewlett-Packard 


Company. 


6. Galves, op. cit., p. 4. 


7. Galves, op. cit., p. 5. 


8. Judd, 
D.B. 
Estimation 
01 
Chromaticity 
Differences 
and 


Nearest 
Color 
Temperature 
on 
the Standard 
1931 (lCI) 


Colorimetric 
Coordinate 
System, 
J. 
Opt. 
Soc. 
Am., 
pp. 


421-426 (1936). 


9. Hurvich, Leo. Color Vision, 1981, p. 292. 


10. Merik, Boris. Light and Color Measurements 01 Small Light 


Sources General Electric, 1968. p. 97. 


11. For Color Television Cameras with Three Receptors, Journal 
of the SMPTE, Volume 77, February 1968. pp. 108-115. 


12. Galves, op. cit.. p. 5. 


13. Kowalski. P. Equivalent Luminances 01 Colors, Journal of the 


Optical Society of America. 
Vol. 59, No.2. 
February 1969. 


p. 129. 


To calculate 
contrast 
ratio of a display 
the following 
integrals 


were 
used: 


LvS = 1/Aj" 
II (A)V(A)T,UdTGUddA 


LvOFF 
= LvOFF 
Specular 
+ LvOFF 
Diffuse 


LvOFF Specular 
= j" ISB(A)Y(A)RS(A)TG(A)2 


+ SB(A)Y(A)RGS(A)j 


T, (A)T 2(A)dA 


LvOFF 
Diffuse 
= 1/71" j" ISB(AiV(A)Ro(A) 


TG(A)2+ SB(AiV(A) 


RGo(A)jT,(A)2dA 


LvB = LvOFF 
for purposes 
of the program 


LvF = LvFspecular 
+ LvFdiffuse 


LvFspecular 
= j"SB(A)Y(A)RFS(A)dA 


LvFdiffuse 
= 1/71" j"SB(AlY(A)RFD(A)dA 


For Seven Segment Displays Only: 


LvOFF 
specular 
and 
LvFspecular 
are ignored 


TG(A) 
= T2(A) = 1 


RS(A) 
= RGS(A) = RGO(A) = RFS(A) = 0 


For Alphanumeric 
Displays Only: 


TG(A) 
= Transmission 
of glass 
window 


T2(A) 
= Transmission 
of filter 
polarized 
light 


RS(A) 
= Specular 
reflectance 
of ambient 
light 
off element 


RGS(A) = Specular 
reflectance 
of glass 
window 


RGO(A) = Diffuse 
reflectance 
of glass 
window 


RFS(A) = Specular 
reflectance 
of filter 
front 
surface 


For Seven Segment Displays and Alphanumeric 
Displays: 


A = Area 
of light 
emitting 
element 


II (A) 
= LED 
radiometric 
spectrum 


VIA) 
= 1931 CIE Photopic 
response 
curve 


T,(A) 
= Transmission 
of filter-unpolarized 
light 


SB(A) 
= Spectrum 
of CIE illuminant 
B 
- noon 
sunlight 
48700K 


RO(A) 
= Diffuse 
reflectance 
of ambient 
light 
off element 


RFD(A) = Diffuse 
reflectance 
of filter 
front 
surface 


To calculate x,y chromaticity 
coordinates of an illuminated 
element and the background, 
the following 
integrals 
were 


used: 


Xl/ = 11A j"~«~: 
X(A)dA 


X 
- 
X 
- J' m(A) + n(A) 
X(A)dA 
b - 
off 
- 
VIA) 
Yb = Yoll = LvOFF 


+ LvF 


Where 
X(A) = 1931 CIE Tristimulus 
Weighting 
Function 


VIA) = 1931 CIE Photopic 
Response 
Curve 


K(A) = l/(A)Y(A)T,(A)TG(A) 


m(A) = ISB(A)Y(A)RS(A)TG(A)2 
+ SB(A)V(A)RGS(A)j 


T,(A)T2(A) 
+ 1/71" ISB(A)Y(A)RO(A)TG(A)2 


+ SB(AlY(A)RGo(A) 
jT,(A)2 


n(A) = SB(A)Y(A)IRFS(A) 
+ 1/71" RFD(A)j 


YII 


Yl/=Xl/+Yl/ 


Y 
_ 
Y 
_ 
Yb 
b 
- 
011 
- 
)(b+'i'b 
x-x 
- 
Xb 
b - 
off 
- 
Xb + Yb 


Finally, x, y chromaticity 
coordinates are translated to 1960 
CIE (U, V) coordinate 
system 


u = 
4x 


(12y - 2x + 3) 


6y 
(12y-2x 
+ 3) 


• 
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Using the HDSP-2000 
Alphanumeric Display Family 


First 
introduced 
in 
1975, 
the 
HDSP-2000 
alphanumeric 
display 
has been designed 
into a variety of applications. 
The 
HDSP-2000 
display 
was originally 
designed 
for commercial, 


industrial, 
instrumentation, 
and business 
equipment 
appli- 
cations. 
However, 
the introduction 
of high 
efficiency 
red, 


yellow, 
and 
high 
performance 
green 
devices 
as well 
as 
several 
display 
sizes 
has opened 
up a multitude 
of new 
applications 
for 
the 
HDSP-2000 
alphanumeric 
display 
family. 
The 
high 
efficiency 
red, 
yellow, 
and 
high 
per- 
formance 
green devices use gallium 
phosphide 
(GaP) LEDs. 
The GaP displays 
are readable 
in direct sunlight 
with proper 
contrast 
enhancement 
techniques. 
For 
this 
reason, 
the 
HDSP-2000 
family 
displays 
have 
been 
designed 
into 
a 
variety 
of avionic 
and 
process 
control 
applications. 
The 
HDSP-2000 
family 
displays 
are available 
in three character 
sizes of 3.8mm (0.15"), 4.9mm (0.19"), and 6.9mm (0.27") to 
allow the designer 
to optimize 
display 
compactness 
versus 
long distance 
readability. 
Versions 
of the HDSP-2000 
family 
alphanumeric 
displays 
are available 
with 
a true 
hermetic 
package 
and an operating 
temperature 
range 
of -55° C to 


+85°C 
to allow 
designers 
to utilize 
the proven 
reliability 
of 
LED 
display 
technology 
in 
military 
and 
aerospace 
applications. 


This 
note is intended 
to serve as a design 
and application 
guide 
for users of the HDSP-2000 
family 
of alphanumeric 
display 
devices. 
The information 
presented 
will cover: the 
theory 
of the device 
design 
and operation; 
considerations 
for 
specific 
circuit 
designs; 
thermal 
management, 
power 
derating 
and heat sinking; 
intensity 
modulation 
techniques. 


The HDSP-2000 
family 
has been designed 
to provide 
a high 
resolution 
information 
display 
subsystem. 
Each character 
of 
the 4 character 
package 
consists 
of a 5x7 array 
of LEDs 
which 
can display 
a full 
range 
of alphabetic 
and numeric 
characters 
plus 
punctuation, 
mathematical 
and 
other 
special 
symbols. 
The HDSP-2000 
family 
is available 
in four 
colors: 
red, 
high 
efficiency 
red, 
yellow, 
and 
high 
per- 
formance 
green. 


The 
character 
height, 
character 
spacing, 
color 
and 
part 
number 
of 
each 
member 
of 
the 
HDSP-2000 
family 
of 
displays 
is shown 
in Table 
1. The 
overall 
package 
size is 
designed 
to allow end stacking 
of multiple 
clusters 
to form 
character 
strings 
of any desired 
length. 


The on-board 
electronics 
of the HDSP-2000 
display 
family 
eliminates 
some of the classical 
difficulties 
associated 
with 
the use of alphanumeric 
displays. 
Traditionally, 
single digit 
LED 
dot 
matrix 
displays 
have 
been 
organized 
in an x-y 
addressable 
array 
requiring 
12 interconnect 
pins per digit 
plus extensive 
row and column 
drive support 
electronics. 
All 
members 
of the HDSP-2000 
display 
family provide on-board 
storage 
of decoded 
row data plus constant 
current 
sinking 
row drivers for each of the 28 rows in the 4 character 
display. 
This approach 
allows the userto 
address each display 
pack- 
age 
through 
just 
11 active 
interconnections 
vs. the 
176 
interconnections 
and 36 components 
required 
to effect 
a 
similar 
function 
using conventional 
LED matrices. 


Figure 
1 is a block 
diagram 
of the internal 
circuitry 
of the 
HDSP-2000 
display. 
The 
device 
consists 
of 
four 
LED 
matrices 
and 
two 
14-bit 
serial-in-parallel-out 
shift 
registers. 
The LED matrix 
for each character 
is a 5x7 diode 
array 
organized 
with 
the 
anodes 
of each 
column 
tied 
in 
common 
and the c«thodes 
of each 
row tied 
in common. 


The 7 row cathode 
commons 
of each character 
are tied to 
the 
constant 
current 
sinking 
outputs 
of 
7 successive 
stages 
of 
the 
shift 
register. 
The 
like 
columns 
of the 
4 
characters 
are 
tied 
together 
and 
brought 
to 
a single 
address 
pin (i.e., column 
1 of all 4 characters 
is tied to pin 
1, etc.). 
In this way, any diode 
in the four 5x7 matrices 
may 
be 
addressed 
by 
shifting 
data 
to 
the 
appropriate 
shift 
register 
location 
and appiying 
a voltage 
to the appropriate 
column. 


The serial-in-parallel-out 
(SI PO) shift register has a constant 
current 
sinking 
output 
associated 
with 
each shift 
register 
stage. This 
constant 
current 
output 
drives 
each 
LED at a 
nominal 
peak current 
of 12 to 14 mA peak. The output 
stage 
is a current 
mirror design with a nominal 
current 
gain of 10. A 
logical 
1 loaded 
into each shift register 
bit will turn "ON" the 
corresponding 
current 
source 
provided 
that 
a logical 
1 is 
applied 
to the Blanking 
Input, 
VB. If VCOl is applied 
to the 
appropriate 
Column 
Input, 
the corresponding 
LED diode 
will be turned 
"ON". 
Since the row drivers 
have a constant 
current 
output, 
the LED current 
will remain constant 
as long 
as the Column 
Input voltage 
exceeds 
2.4V for red and 2.75V 
for high efficiency 
red, yellow, 
and high performance 
green 
devices. 


Character 
Character 
Operating 
Device 
Color 
Height 
Spacing 
Temperature 


HDSP-2000 
Red 
3.8 mm (0.15 in.! 
4.5 mm (0.175 in.! 
-200 C to +850 C 


HDSP-2001 
Yellow 
3.8 mm (0.15 in.! 
4.5 mm (0.175 in.! 
-200 C to +850 C 
HDSP-2002 
High Efficiency Red 
3.8 mm (0.15 in.! 
4.5 mm (0.175 in.! 
-200 C to +850 C 


HDSP-2003 
High Performance Green 
3.8 mm (0.15 in.! 
4.5 mm (0.175 in.! 
-200 C to +850 C 


HDSP-2300 
Red 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-200 C to +850 C 


HDSP-2301 
Yellow 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-200 C to +850 C 
HDSP-2302 
High Efficiency Red 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-200 C to +850 C 
HDSP-2301 
High Performance Green 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-200 C to +850 C 


HDSP-2490 
Red 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-200 C to +850 C 
HDSP-2491 
Yellow 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-200 C to +850 C 
HDSP-2492 
High Efficiency Red 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-200 C to +850 C 
HDSP-2493 
High Performance Green 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-200 C to +850 C 


HDSP-2010 
Red 
3.8 mm (0.15 in.! 
4.5 mm (0.175 in.! 
-400 C to +850 C 


HDSP-2310 
Red 
4.9 mm (0.192 in.) 
5.0 mm (0.197 in.) 
-55°C to +85°C 
HDSP-2311 
Yellow 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-550 C to +850 C 
HDSP-2312 
High Efficiency Red 
4.9 mm (0.192 in.! 
5.0 mm (0.197 in.! 
-550 C to +850 C 


HDSP-2450 
Red 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.) 
-550 C to +850 C 
HDSP-2451 
Yellow 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-550 C to +850 C 
HDSP-2452 
High Efficiency Red 
6.9 mm (0.27 in.! 
8.9 mm (0.35 in.! 
-550 C to +850 C 


COLUMN 
DRIVE 
INPUTS 


COLUMN 


1 
2 
3 
4 
5 


LED 


MATRIX 


4 


SERIAL 
DATA 
INPUT 


SERIAL 
DATA 
OUTPUT • 


Data is loaded 
serially 
into the shift 
register 
on the high to 
low transition 
of the Clock 
Input. During 
the time that data is 
being 
loaded 
into the display, 
the column 
current 
must be 
disabled 
to 
minimize 
the 
generation 
of "current 
spikes" 


between 
Vcc, the columns, 
and ground. 
The resulting 
power 
supply 
noise 
could 
induce 
noise 
on the 
Clock 
and 
Data 
Inputs. The column 
current 
can be disabled 
either by switch- 
ing off the column 
drivers 
or by applying 
a logical a to the 
Blanking 
Input. 


The Data Output 
terminal 
is a TTL buffer interface 
to the 28th 
bit of the shift register 
(i.e., the 7th row of character 
4 in each 
package). 
The Data Output 
is arranged 
to directly 
intercon- 
nect to the Data Input 
on a succeeding 
4 digit 
HDSP-2000 
display 
package. 
The 
Data, 
Clock 
and 
VB inputs 
are all 
buffered 
to allow 
direct 
interface 
to any TTL logic 
family. 


Dot matrix 
alphanumeric 
display 
systems 
generally 
have a 
logical 
organization 
which 
prescribes 
that any character 
be generated 
as a combination 
of several 
sub,ets 
of data. 
In a 5x7 matrix, 
this could 
be either 
5 subsets 
017 bits each 


or 7 subsets 
of 5 bits each. 
This technique 
is utilized 
to 
reduce 
from 
35 to 5 or 7 the number 
of outputs 
required 
from 
the 
character 
generator. 
In 
order 
to 
display 
a 


complete 
character. 
these 
subsets 
of 
data 
are 
then 
presented 
sequentially 
to the appropriate 
locations 
of the 
display 
matrix. 
If this 
process 
is repeated 
at a rate which 
insures 
that each of the appropriate 
matrix 
locations 
is re- 
energized 
a minimum 
of 100 times 
per second, 
the eye will 
perceive 
a continuous 
Image of the entire 
character. 
The 


apparent 
intensity 
of each of the display 
elements 
will be 


equal 
to 
the 
intensity 
of that 
element 
during 
the 
"ON" 


period 
multiplied 
by 
the 
ratio 
of 
"ON" 
time 
to 
refresh 


period. 
This ratio 
:5 referred 
to as the display 
duty 
factor. 


and the technique 
IS referred 
to as "strobing" 
In the case 
of HDSP-2000, 
each character 
is made up of 5 subsets 
of 7 
bits. For a four 
character 
display, 
28 bits representing 
the 
first subset of each of the four characters 
are loaded serially 
into the on-board 
SIPO shift register 
and the first column 
is 
then energized 
for a period 
of time, T. This process 
is then 
repeated 
for columns 
2 through 
5. If the time required 
to load 
the 28 bits into the SIPO shift register 
is t, then the duty factor 
is: 


T 
OF = 5(1+ T) 


the 
term 
5(1+ T) 
is 
then 
the 
refresh 
period. 
For 
a 
satisfactory 
display, 
the 
refresh 
period 
should 
be: 


The time averaged 
luminous 
intensity 
of the display 
can be 
varied 
continu'ously 
over a range greater 
than 
1000 to 1 by 
turning 
off or blanking 
the display 
before 
loading 
new data 
into 
the SIPO 
shift 
register. 
If the time 
that the display 
is 
blanked 
is TB, then the duty factor 
of the display 
becomes: 


T 


5(t+T+TB) 


DRIVE 
CIRCUIT 
CONCEPTS 


A practical 
display 
system 
utilizing 
the HDSP-2000 
family 
of 
displays 
requires 
interfacing 
with 
a character 
generator, 


refresh 
memory 
and some timing 
circuitry. 
A block diagram 
of such a display 
system 
is depicted 
in Figure 2. This circuit 
provides 
for ASCII 
data storage 
and decoding 
and properly 
refreshes 
the display 
at a 100 Hz refresh 
rate. In this figure, 
the display 
length 
is shown 
as N characters 
with the leftmost 
display 
character 
labeled 
as character 
1 and the right 
most 
character 
of the display 
labeled 
as character 
N. The refresh- 
ing of the display 
is accomplished 
by a series of counters. 


The +N counter 
sequentially 
accesses 
N coded 
information 
symbols 
from the Nx7 RAM. Note that forthe 
normal 
config- 
uration 
of the HDSP-2000 
displays, 
character 
1 is the left- 
most character, 
character 
4 is the rightmost 
character 
and 
shift 
register 
cascades 
from 
left to right. 
Thus, 
the symbol 
corresponding 
to character 
N is decoded 
first, then the sym- 


bol 
corresponding 
to 
character 
(N-l), 
and 
the 
symbol 
corresponding 
to character 
1 is decoded 
last. 


Each coded 
information 
symbol 
is read from the Nx7 RAM 
and decoded 
by a 5x7 decoder. 
The decoder 
can be selected 
to decode 
ASCII, 
EBDIC, 
or any customized 
character 
font. 


In this example, 
the ASCII 
decoder 
is organized 
as 128x7 
words 
of 5 bits 
each. 
The 
ASCII 
symbol 
and 
row 
select 
information 
is applied 
to the decoder 
and the decoder 
out- 
puts information 
for all 5 columns 
for the selected 
row and 
symbol. 


The + 7 counter 
sequentially 
accesses all seven rows of each 
ASCII 
symbol. 
Note that row 7 must be decoded 
first, then 
row 6, and row 1 is decoded 
last. The +M counter 
is used to 
periodically 
load 
new serial 
data into the HDSP-2000 
dis- 
play. During 
one count, 
the display 
clock 
is enabled 
and 7N 
bits of serial 
data 
are loaded 
into 
the display. 
During 
the 
remaining 
(M-l) 
counts, 
this data is displayed. 
Thus the duty 
factor 
for the circuit 
in Figure 2 is: 


(M -1) 


5M 


The +5 counter 
sequentially 
refreshes 
all 5 columns 
of the 
display. 
The outputs 
of the +5 counter 
are connected 
to a 
data multiplexer 
which 
selects one of the 5 outputs 
from the 


ASCII 
decoder 
and loads it into the Data Input of the HDSP- 


2000 display 
string. 
The +5 counter 
also enables one of the 5 


column 
driver transistors. 
Note that the display 
is blanked 
via 


the VB input 
and also that the column 
driver transistors 
are 


turned 
off during 
the time that new data is being loaded 
into 


the HDSP-2000 
display 
string. 
This will eliminate 
any high 


current 
transients 
between 
the column 
inputs 
and ground 


during 
the data shifting 
operation. 


Since data is loaded 
for all of the like columns 
in the display 


string 
and these columns 
are then enabled 
simultaneously, 
only 
five column 
switch 
transistors 
are required 
regardless 


of the number 
of characters 
in the string. 
The column 
switch 
transistors 
should 
be selected 
to handle 
105 to 130 mA per 


character 
in 
the 
display 
string. 
The 
collector 
emitter 


saturation 
voltage 
characteristics 
and 
column 
voltage 


supply 
should 
be chosen 
to provide 
2.4V ~ VeOl ~ Vee for 
the standard 
red displays 
and 2.75V ~ VeOl 
~ Vee for the 
high 
efficiency 
red, yellow, 
and 
high 
performance 
green 
displays. 
To 
save 
on 
power 
supply 
costs 
and 
improve 


efficiency, 
this 
supply 
may 
be 
a fullwave 
rectified 
un- 


regulated 
DC voltage 
as long 
as the PEAK value does 
not 


exceed 
the value 
of Vee and the minimum 
value does 
not 
drop 
below 
2.4V or 2.75V depending 
on display 
color. 


Figures 
13 and 
16 show 
practical 
implementations 
of the 
block 
diagram 
shown 
in 
Figure 
2. In those 
circuits, 
the 
display 
is mounted 
upside 
down, so that pin 1 is in the upper 


right 
hand corner. 
With 
this technique, 
data is loaded 
into 


display 
character 
N and data shifts from 
right to left as new 


data is loaded. 
The first bit loaded 
into the display 
would 
be 


row 1, character 
1, then 
row 2, etc., and the last bit loaded 


would 
be row 7 of character 
N. This allows 
the +7, +N and 
+M counters 
to be implemented 
as up counters 
instead 
of 
down 
counters. 
Since the display 
is upside down, 
column 
5 


of the display 
appears 
to be column 
1 and column 
4 of the 


display 
appears 
to be column 
2. Thus, column 
1 data for the 


display 
must be loaded 
into the display 
and column 
5 must 
subsequently 
be enabled. 
This is accomplished 
by reversing 


the outputs 
of the 5x7 decoder. 
The Do, D1, D2, D3, and D4 


outputs 
of the MCM6674 
decoder 
output 
column 
5, column 
4, column 
3, column 
2, and column 
1 information. 


INTERFACING 
THE HDSP-2000 
DISPLAY 


TO MICROPROCESSORS 


Because 
of the 
complexity 
of dealing 
with 
alphanumeric 


information, 
a microprocessor 
based 
system 
is typically 
• 
used 
in conjunction 
with 
the 
HDSP-2000 
family 
displays. 
_:: 
Depending 
upon 
overall 
systems 
configuration, 
micro- 


processor 
time available 
to dedicate 
to display 
support, 
and 
the type 
of information 
to be displayed, 
one 
may choose 


several 
different 
partitioning 
schemes 
to 
drive 
such 
a 
display. 


Figure 3 shows four different 
techniques 
to interface the 
HDSP-200 family displays to microprocessor 
systems: 


1. The REFRESH CONTROLLER 
interrupts 
the micro- 
processor at a 500 Hz rate to request refresh data for the 
display. 


2. The DECODED 
DATA CONTROLLER 
accepts 
5 x 7 
matrix 
data 
from 
the 
microprocessor 
and 
then 
automatically 
refreshes 
the 
display 
with 
the 
same 
information 
until 
new 
data 
is 
supplied 
by 
the 
microprocessor. 


3. The CODED DATA CONTROLLER 
accepts ASCII data 
and interfaces like a RAM to the microprocessor. 


4. The DISPLAY 
PROCESSOR 
CONTROLLER, 
HDSP- 
247X 
series I 
employs 
a 
dedicated 
single 
chip 
microprocessor 
as a data display/control/keyboard 
interface which has many of the features of a complete 
terminal. 


The interface techniques 
depicted 
are specifically 
for the 


8080A 
or 6800 microprocessor 
families 
Extension 
of 


these 
techniques 
to 
other 
processors 
should 
be 
a 
relatively simple software chore with little or no hardware 
changes required. 
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TO 
INTERRUPT 
REQUEST 


The 
choice 
of 
a 
particular 
interface 
is 
an 
important 
consideration 
because 
it affects 
the design 
of the entire 
microprocessor 
system. 
The 
REFRESH 
CONTROLLER 


provides 
the 
lowest 
cost 
interface 
because 
it uses 
the 
microprocessor 
to 
provide 
ASCii 
decoding 
and 
display 
strobing. 
Because 
the ASCII 
decoder 
is located 
within 
the 
microprocessor 
system, 
the 
designer 
has 
total 
control 


over 
the display 
font 
within 
the program. 
This 
feature 
is 
particularly 
important 
when 
the 
system 
will 
be used 
to 
display 
different 
languages 
and special 
graphic 
symbols. 
However, 
the 
REFRESH 
CONTROLLER 
requires 
a 
significant 
amount 
of microprocessor 
time. 
Furthermore, 


while 
the interrupt 
allows 
the refresh 
program 
to operate 
asynchronously 
from 
the 
main 
program, 
this 
technique 
limits 
some of the software 
techniques 
that can be used in 
the main 
program. 


The 
DECODED 
DATA 
CONTROLLER 
requires 
micro- 
processor 
interaction 
only 
when 
the display 
message 
is 
changed. 
Like 
the 
REFRESH 
CONTROLLER, 
the ASCII 
decoder 
is located 
within 
the 
microprocessor 
program. 


However, 
the time required 
to decode 
the ASCII 
string 
and 
store 
the 
resulting 
5 x 7 display 
data 
into 
the 
interface 
requires 
several 
milliseconds 
of microprocessor 
time. 


The CODED 
DATA CONTROLLER 
also requires 
interaction 
from 
the 
microprocessor 
system 
only 
when 
the 
display 
message 
is changed. 
Because 
the ASCII decoder 
is located 
within 
the 
display 
interface, 
the 
microprocessor 
requires 
much 
less time to load a new message 
into the display. 


The 
DISPLAY 
PROCESSOR 
CONTROLLER, 
the 
HDSP- 
247X series, 
is the 
most 
powerfUl 
interface. 
The software 
within 
the DISPLAY 
PROCESSOR 
CONTROLLER 
further 
reduces 
the host microprocessor 
interaction 
by providing 
more powerful 
left and right data entry 
modes compared 
to 
the RAM entry 
mode of the DECODED 
DATA 
and CODED 


DATA CONTROLLERS. 
The DISPLAY 
PROCESSOR 
CON- 


TROLLER 
can 
also 
provide 
features 
such 
as a Blinking 
Cursor, 
Editing 
Commands, 
and a Data Out function. 
One 
version 
of 
the 
DISPLAY 
PROCESSOR 
CONTROLLER 
allows 
the 
user 
to 
provide 
a custom 
ASCII 
decoder 
for 
applications 
needing 
a special 
character 
font. 


REFRESH 
CONTROLLER 


The REFRESH 
CONTROLLER 
circuit 
depicted 
in Figure 
4 
operates 
by 
interrupting 
the 
microprocessor 
every 
two 
milliseconds 
to request 
a new 
block 
of display 
data 
and 
column 
select data. Display data is loaded from the data bus 


into the serial input of the HDSP-2000 
via a 74165 parallel 
in, 


serial out shift register. The 74LS293 counter 
and associated 
gates insure that only seven clock pulses are delivered 
to the 
shift 
register 
and 
the 
HDSP-2000 
for 
each 
word 
loaded. 
Column 
Select 
data is loaded 
into a 74174 latch 
which, 
in 
turn, drives the column 
switch 
transistors. 
The circuit 
timing 


relative 
to the microprocessor 
clock 
and I/O is depicted 
in 


Figure 5. 
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The 
6800 software 
necessary 
to support 
this 
interface 
is 
divided 
into 
two 
separate 
subroutines, 
"RFRSH" 
and 


"LOAD" 
(Figure 
6). Thisapproach 
is desirable 
to minimize 
microprocessor 
involvement 
during 
display 
refresh. 
The 
subroutine 
"RFRSH" 
loads 
a new set of decoded 
display 
data 
from 
the 
microprocessor 
scratch 
pad 
memory 
into 


the 
interface 
at each 
interrupt 
request. 
The 
subroutine 


"LOAD" 
is 
utilized 
to 
decode 
a 
string 
of 
32 
ASCII 


characters 
into 5 x 7 formatted 
display 
data and store this 


data 
in the scratch 
pad 
memory 
used 
by "RFRSH". 


Figures 
7 and 8 depict 
two different 
software 
routines 
for 
interfacing 
the 
REFRESH 
CONTROLLER 
to 
an 
8080A 


microprocessor. 
The two subroutines 
shown 
in Figure 7 are 
functional 
replacements 
for the 6800 program 
shown 
in Fig- 


ure 6. The programs 
shown 
in Figures 
6 and 7 require 
a 5N 


byte scratch pad memory 
where N is the display 
length. The 
routine 
in Figure 
8 eliminates 
this scratch pad memory 
by 
decoding 
and loading 
data each time a new interrupt 
request 


is received. 


Because 
the 
microprocessor 
system 
is interrupted 
every 
2ms, proper 
software 
design 
is especially 
important 
for the 
REFRESH 
CONTROLLER. 
The 
use 
of 
the 
scratch pad 
memory 
significantly 
reduces 
the time 
required 
to refresh 


the display. 
The fastest 
program, 
shown 
in Figure 
6, uses 
in-line 
code to access data from the buffer 
and output 
it to 
the 
display. 
This 
program 
requires 
3.7% + .50N% 
of the 
available 
microprocessor 
time for a 1MHz clock. 
The pro- 


gram shown 
in Figure 7 is similar 
to the one shown 
in Figure 
6, except 
that it uses a program 
loop 
instead 
of the in-line 
code. This program 
uses 5.4% + .93N% of the microproces- 


sor 
time 
for 
a 2MHz 
clock. 
These 
programs 
utilize 
a 
subroutine 
"LOAD" 
which 
is called 
whenever 
the display 
message 
is changed. 
This 
subroutine 
executes 
in 10.2ms 
and 7.5ms respectively 
for Figure 6 and Figure 7. The pro- 


gram in Figure 8 uses 7.6% + 1.35N% of the microprocessor 
time 
for a 2MHz 
clock. 
A 50% reduction 
in the previously 
described 
microprocessor 
times can be achieved 
by using 
faster versions 
of the 6800 and 8080A microprocessors. 


OHJH'T 
LO(' 
('OIlE 
SOURCE 
STATEMENTS 


SF 
05 
CDVR 
EQU 
$BF05 


BF 
04 
RDVR 
EQU 
$BF04 
06 
00 
DECDR 
EQU 
$0600 


0000 
POINT 
RMB 
2 


0002 
COLMN 
RMB 
I 
0003 
COUNT 
RMB 
2 


0005 
00 
AD 
ASCII 
FDB 
DATA 


0007 
DISPNT 
RMB 
2 


0009 
DCRPNT 
RMB 
2 


OOOB 
COLCNT 
RMB 
I 
OOOC 
DIGCNT 
RMB 
I 


OOOD 
BUFFR 
RMB 
160 


OOAD 
DATA 
RMB 
32 


0400 
ORG 
$0400 


0400 
86 
FF 
RFRSH 
LDA 
A 
I, $FF 


0402 
B7 
BF 
05 
STA 
A 
E, CDVR 
0405 
DE 
00 
LDX 
D,POINT 
0407 
A6 
00 
LOOPHH 
LDA 
A 
X,O 


0409 
B7 
BF 
04 
STA 
A 
E, RDVR 
040C 
A6 
01 
LDA 
A 
X,I 
040E 
B7 
BF 
04 
STA 
A 
E, RDVR 


04A2 
A6 
IF 
LDA 
A 
X,31 
04A4 
B7 
BF 
04 
STA 
A 
E, RDVR 
04A7 
96 
02 
LDA 
A 
D,COLMN 


04A9 
B7 
BF 
05 
STA 
A 
E, CDVR 
04AC 
81 
EF 
CMP 
A 
I, $EF 


04AE 
27 
10 
BEQ 
LOOPB 


04BO 
D6 
00 
LDA 
B 
D, POINT 
+1 
04B2 
CB 
20 
ADD 
B 
1,32 


04B4 
D7 
00 
STA 
B 
D,POINT+I 
04B6 
24 
03 
BCC 
LOOPA 


04B8 
7C 
00 
00 
INC 
E, POINT 
04BB 
OD 
LOOPA 
SEC 
04BC 
79 
00 
02 
ROL 
E, COLMN 
04BF 
3B 
RTI 


04CO 
CE 
00 
OD 
LOOPB 
LDX 
I, BUFFR 
04C3 
DF 
00 
STX 
D, POINT 
04C5 
DE 
03 
LOX 
D,COUNT 
04C7 
09 
DEX 
04C8 
DF 
03 
STX 
D,COUNT 
04CA 
86 
FE 
LDA 
A 
I, SFE 


04CC 
97 
02 
STA 
A 
D,COLMN 


04CE 
3B 
RTl 


04CF 
5F 
LOAD 
CLR 
B 
04DO 
CE 
00 
OD 
LDX 
I, BUFFR 
04D3 
DF 
07 
STX 
D, DISPNT 
04D5 
86 
06 
LDA 
A 
I, <DECDR 
04D7 
97 
09 
STA 
A 
D,DCRPNT 
04D9 
86 
05 
LDA 
A 
1,5 


04DB 
97 
DB 
STA 
A 
D,COLCNT 
04DD 
86 
20 
LOOPI 
LDA 
A 
1,32 


04DF 
97 
OC 
STA 
A 
D, DIGCNT 
04EI 
9B 
06 
ADD 
A 
D, ASCII+I 
04E3 
24 
03 
BCC 
LOOP2 


04E5 
7C 
00 
05 
INC 
E,ASCII 
04E8 
97 
06 
LOOP2 
STA 
A 
D, ASCII+I 
04EA 
DE 
05 
LOOP3 
LDX 
D, ASCII 
04EC 
09 
DEX 
04ED 
A6 
00 
LDA 
A 
X,D 
04EF 
DF 
05 
STX 
D, ASCII 
04FI 
IB 
ABA 
04F2 
97 
OA 
STA 
A 
D, DCRPNT+I 
04F4 
DE 
09 
LDX 
D,DCRPNT 
04F6 
A6 
00 
LDA 
A 
X,D 


04F8 
DE 
07 
LDX 
D, DISPNT 
04FA 
A7 
00 
STA 
A 
X,D 


04FC 
08 
INX 
• 


04FD 
DF 
07 
STX 
D, DISPNT 
04FF 
7A 
00 
OC 
DEC 
E, DIGCNT 


0502 
26 
E6 
BNE 
LOOP3 


0504 
CB 
80 
ADD 
B 
I, $80 


0506 
24 
03 
BCC 
LOOP4 
0508 
7C 
00 
09 
INC 
E, DCRPNT 
050B 
7A 
00 
OB 
LOOP4 
DEC 
E, COLCNT 
050E 
26 
CD 
BNE 
LOOP! 
0510 
39 
RTS 


Figure 6, 6800 Microprocessor Program Utilizing a 160 Byte 
RAM Buffer that Interfaces to the REFRESH CONTROLLER 


9-231 


RDVR_lPOINT 
+1) 
STORE 
SECDND 
BYTE 
DECDDED 
DATA 
IN 74165 


POINT_POINT 
+32 
UPDATE 
POINT WITH 
ADDRESS 
OF DECODED 
DATA 
FOR NEXT 
COLUMN 
TO BE REFRESHED 


ASCII_ 
ASCII 
+ 32 
INITIALIZE 
ASCII WITH 
ADDRESS 
OF RIGHTMOST 
ASCII 
SYMBOL 
PLUS ONE 


The ASCII to 5 x 7 dot matrix decoder 
used by the programs 
in Figures 
6,7, 
and 8 is located 
within 
the microprocessor 


program. 
This 
decoder 
requires 
640 bytes 
of storage 
to 
decode 
the 128 character 
ASCII 
set. The decoder 
used by 
OBJECT 
LOC 
CODE 
SOURCE 
STATEMENTS 
these 
controllers 
is formatted 
so that 
the first 
128 bytes 


contain 
column 
1 information; 
the next 128 bytes contain 
0004 
RDYR 
EQU 
0004H 
OOOS 
CDYR 
EQU 
OOOSH 


column 
2 information, 
etc. 
Each 
byte 
of this 
decoder 
is 
ESOO 
DECDR 
EQU 
OESOOH 
formatted 
such that 06 through 
Do contain 
Row 7 through 
ORG 
OEOOOH 


Row 1 display 
data respectively. 
The data is coded so that a 
EOOO os 
EO 
POINT 
DW 
BUFFR 
HIGH 
bit will turn the corresponding 
5 x 7 display 
dot ON. 
E002 
FE 
COLMN 
DB 
OFEH 


E003 
FF 
FF 
COUNT 
DW 
OFFFFH 
This decoder 
table is shown 
in Figure 9. The resulting 
5 x 7 
EOOS 
00 
BOFFR 
DS 
160 
dot 
matrix 
display 
font 
is shown 
in the HDSP-2471 
data 
ORG 
OEOASH 
sheet. 
EOAS 
A7 
EO 
ASCII 
DW 
DATA 


EOA7 
00 
DATA 
DS 
32 


ORG 
OE400H 
DECODED 
DATA 
CONTROLLER 
E400 
FS 
RFRSH 
PUSH 
PSW 


E401 
CS 
PUSH 
B 


The 
DECODED 
DATA 
CONTROLLER 
circuit 
schematic 
E402 
ES 
PUSH 
H 


for 
a 32 character 
display 
is depicted 
in Figure 
10. The 
E403 
2A 
00 
EO 
LHLD 
POINT 
E406 
06 
20 
MYI 
B,32 
circuit 
is specifically 
designed 
for 
interface 
to an 8080A 
E408 
3E 
FF 
MYI 
A,OFFH 
microprocessor. 
This 
circuit 
is designed 
to accept 
and 
E40A 
D3 os 
OUT 
CDYR 
F40C 
7E 
LOOP 
MOY 
A,M 
store 
in 
local 
memory 
all 
of 
the 
display 
data 
for 
a 32 
E40D 
D3 
04 
OUT 
RDYR 


character 
HDSP-2000 
display 
(1120 
bits). 
The 
micro- 
E40F 
23 
INX 
H 


E410 
os 
DCR 
B 


processor 
loads 160 bytes of display 
data into the two 1K X 
E411 
C2 
OC 
E4 
JNZ 
LOOP 


1 RAM's 
via the 74165 parallel 
in, serial 
out shift 
register. 
E414 
3A 
02 
EO 
LDA 
COLMN 


E417 
D3 os 
OUT 
CDYR 
Each byte of data 
represents 
one column 
of display 
data. 
E419 
FE 
EF 
CPI 
OEFH 
The 
counter 
string 
automatically 
generates 
the 
proper 
E41B 
fA 
18 
E4 
JZ 
FIRST 


address 
location 
for 
each 
serial 
bit 
of 
data 
after 


E41E 
-- 
00 
EO 
SHLD 
POINT 
E4~ I 
07 
RLC 
initialization 
by MEM 
W, the character 
address, 
and the 
E4:!:! 
31 
01 
EO 
STA 
COLMN 


desired 
column. 
Once 
the 
loading 
is 
complete, 
the 


E425 
C3 
3A 
E4 
JMP 
END 
E428 
21 
os 
EO 
FIRST 
LXI 
H. BUFFR 
counter 
sequentially 
loads and displays 
each column 
(224 
E42B n 
00 
EO 
SHLD 
POINT 


bits) 
of data at a 90Hz 
rate (2MHz 
input 
clock 
rate). 
The 
E42E 
3E 
FE 
MYI 
A,OFEH 


E430 
32 
02 
EO 
STA 
COLMN 
timing 
for this circuit 
is shown 
in Figure 
11. The software 
E433 
2A 
03 
EO 
LHLD 
COUNT 
required 
to decode 
a 32 character 
ASCII string 
is shown 
in 
E436 
2B 
DCX 
H 
E437 
22 
03 
EO 
SHLD 
COUNT 


Figure 
12. This 
program 
decodes 
the 32 ASCII 
characters 
E43A 
EI 
END 
pop 
H 


into 160 bytes of display 
data which 
are then stored 
in the 
E43B 
CI 
pop 
B 
E43C 
Fl 
POP 
PSW 


controller. 
The program 
requires 
about 6.6ms, for a 2MHz 
E43D 
C9 
RET 


clock, 
to decode 
and load the message into the DECODED 


E43E 
II 
24 
EO 
LOAD 
LXI 
D, BUFFR+31 
DATA 
CONTROLLER. 
This 
program 
also uses the same 
E441 
OE 
20 
MYI 
C,32 
decoder 
table as shown 
in Figure 9. 
E443 
2A 
AS 
EO 
LOOPI 
LHLD 
ASCII 
E446 
7E 
MaY 
A,M 
E447 
23 
INX 
H 
E448 
22 
AS 
EO 
SHLD 
ASCII 
E44B 
26 
ES 
MYI 
H. DECDR/2S6 
E44D 
6F 
MaY 
L,A 
E44E 
06 
os 
MYI 
B. S 


E4S0 
7E 
LOOP2 
MaY 
A,M 
E4S1 
12 
STAX 
D 
E4S2 
7D 
MaY 
A,L 
E4S3 
C6 
80 
ADI 
80H 
E4SS 
6F 
MaY 
L.A 
E4S6 
D2 
SA 
E4 
JNC 
LOOP3 
E4S9 
24 
~~y" 


H 
E4SA 
7B 
LOOP3 
A,E 
E4SB 
C6 
20 
ADI 
32 
E4SD 
SF 
MaY 
E.A 
E4SE 
OS 
DCR 
B 
E4SF 
C2 
SO 
E4 
JNZ 
LOOP2 


E462 
7B 
MOY 
A,E 
E463 
C6 
SF 
ADI 
SFH 


E46S 
SF 
MaY 
E,A 
E466 
OD 
DCR 
C 


E467 
C2 
43 
E4 
JNZ 
LOOPI 
E46A 
C9 
RET 
• 


Figure 7. 8080A Microprocessor Program Utilizing a 160 Byte 
RAM Buffer that Interfaces to the REFRESH CONTROLLER 


DE_BUFFER 
+ 31 


LOAD 
DE WITH 
ADDRESS 
FOR COLUMN 
1 RIGHTMOST 
CHARACTER 
INOECODED 
DATA 
RAM 


DE __ 
DE + 32 


UPDATE 
DE WITH 
ADDRESS 
OF NEXT 
COLUMN 
IN DECODED 


DATA 
RArvl 


DE_ 
DE - 161 


UPDATE 
DE WITH 
ADDRESS 
FOR COLUMN 
1 OF CHARACTER 
IN 


DECODED 
DATA 
ROM 
IMMEDIATEL 
V TO LEFT 
OF 
PRECEEDING 
CHAR. 


OBJECT 
LOC 
CODE 
SOURCE STATEMENTS 


0004 
RDYR 
EQU 
0004H 
0005 
CDYR 
EQU 
0005H 
E500 
DECOR 
EQU 
OE500H 


ORG 
OEOOOH 
DE.-BASE 
EOOO 07 
EO 
ASCII 
OW 
DATA 
LOAD 
DE WITH 
ADDRESS 
NEXT 
COLUMN 
TO BE DECODED 
E002 
FE 
COLMN 
DB 
OFEH 
IN DECODER 
ROM 


E003 
FF 
FF 
COUNT 
OW 
OFFFFH 
E005 
00 
E5 
BASE 
OW 
DECOR 
E007 
00 
DATA 
OS 
32 
HL __ ASCII + 31 


ORG 
OE400H 


LOAD 
HL WITH 
ADDRESS 
OF RIGHTMOST 
ASCII 
SYMBOL 


E400 
F5 
RFRSH 
PUSH 
PSW 
E401 
C5 
PUSH 
B 
E402 
05 
PUSH 
0 
E403 
E5 
PUSH 
H 
E404 
2A 
05 
EO 
LHLD 
BASE 


E407 
EB 
XCHG 
E408 
2A 
00 
EO 
LHLD 
ASCII 


E40B 
01 
IF 
00 
LXI 
B,31 
E40E 
09 
DAD 
B 


E40F 
43 
MOY 
B, E 
E410 
OE 
20 
MYI 
C,32 
E412 
3E 
FF 
MYI 
A,OFFH 
E414 
03 
05 
OUT 
CDYR 
E416 
78 
LOOP 
MOY 
A,B 
E417 
86 
ADD 
M 
A __ (DE 
+ A) 
E418 
5F 
MOY 
E,A 
READ 
BYTE 
OF 
DECODED 
DATA 
FROM 
DECODER 


E419 
IA 
LDAX 
0 
E41A 
03 
04 
OUT 
RDYR 
E41C 
2B 
DCX 
H 
E41D 
00 
OCR 
C 
E4IE 
C2 
16 
E4 
JNZ 
LOOP 


E421 
EB 
XCHG 
E422 
3A 
02 
EO 
LOA 
COLM~ 
E425 
03 
05 
OUT 
CDYR 
Hl __ HL - 1 


E427 
FE 
EF 
CPI 
OEFH 
UPDATE 
HL WITH 
ADDRESS 
OF NEXT 
SYMBOL 
TO LEFT 


E429 
CA 
3B 
E4 
JZ 
FIRST 


E42C 
07 
RLC 
E42D 
32 
02 
EO 
STA 
COLMN 
E430 
68 
MOY 
L.B 


E431 
01 
80 
00 
LXI 
B.0080H 
E434 
09 
DAD 
B 


E435 
22 
05 
EO 
SHLD 
BASE 
E438 
C3 
40 
E4 
JMP 
END 
E43B 
3E 
FE 
FIRST 
MYI 
A.OFEH 
E43D 
32 
02 
EO 
STA 
COLMN 
E440 
21 
00 
E5 
LXI 
H, DECOR 
E443 
22 
05 
EO 
SHLD 
BASE 
E446 
2A 
03 
EO 
LHLD 
COUNT 
E449 
2B 
DCX 
H 
E44A 
22 
03 
EO 
SHLD 
COUNT 


E44D 
EI 
END 
POP 
H 


E44E 
01 
POP 
0 
E44F 
CI 
POP 
B 


E450 
FI 
POP 
PSW 
E451 
C9 
RET 


• 


DECDDER 
DECDDER 
ADDRESS 
ADDRESS 
H DSp·2471 
FDR FIG. 
FDR 
ROM 
7,8,12 
FIG.6 
ADDRESS 
HEXIDECIMAl 
DATA 


E500 
0600 
080 
08 
30 
45 
70 
7D 
38 
7E 
30 
60 
1E 
3E 
62 
40 
08 
38 
41 
COLUMNl 


090 
10 
18 
5E 
78 
38 
78 
38 
3C 
38 
3C 
38 
08 
20 
12 
48 
01 
OAO 
00 
00 
00 
14 
24 
23 
36 
00 
00 
00 
08 
08 
00 
08 
00 
20 


OBO 
3E 
00 
62 
22 
18 
27 
3C 
01 
36 
06 
00 
00 
00 
14 
41 
06 
OCO 
3E 
7E 
7F 
3E 
7F 
7F 
7F 
3E 
7F 
00 
20 
7F 
7F 
7F 
7F 
3E 
000 
7F 
3E 
7F 
26 
01 
3F 
07 
7F 
63 
03 
61 
00 
02 
41 
04 
40 


OEO 
00 
38 
7F 
38 
38 
38 
08 
08 
7F 
00 
20 
00 
00 
78 
7C 
38 
OFO 
7C 
18 
00 
48 
04 
3C 
lC 
3C 
44 
04 
44 
00 
00 
00 
08 
2A 


E580 
0680 
100 
lC 
48 
29 
09 
09 
44 
01 
4A 
50 
04 
49 
14 
3C 
7C 
44 
63 
COLUMN2 


110 
08 
24 
61 
14 
44 
15 
45 
43 
45 
41 
42 
08 
7E 
19 
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Figure 9. 128 Character 
ASCII Decoder Table Used by the 6800 Refresh Program 
in Figure 6. 8080A Refresh Programs 
in Figures 7, 8, 


and 12, and the HDSP-2471 DISPLAY PROCESSOR 
CONTROLLER. 
Decoded 5x7 Display Font is shown in the HDSP-247X Data Sheet 
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CODED 
DATA 
CONTROLLER 


The CODED 
DATA CONTROLLER 
(Figure 
13) is designed 
to accept 
ASCII 
coded 
data for storage 
in a local 
128 x 8 


RAM. After the microprocessor 
has loaded 
the RAM,local 
scanning 
circuitry 
controls 
the decoding 
of the ASCII,the 
display 
data loading, 
and the column 
select function. 
With 
minor 
modification, 
the circuit 
can be utilized 
for up to 128 
display 
characters. 
The 
RAM 
used 
in this 
circuit 
is an 
MCM6810P 
with 
the Address 
and Data inputs 
isolated 
via 
74LS367 
tristate 
buffers. 
This 
allows 
the 
RAM 
to 
be 
accessed 
either 
by the 
microprocessor 
or by the 
local 


electronics. 
The 
protocol 
is 
arranged 
such 
that 
the 
microprocessor 
always 
takes 
precedence 
over 
the local 


scanning 
electronics. 
The 
"Write" 
cycle 
timing 
for 
the 


CODED 
DATA CONTROLLER 
is depicted 
in Figure 14. This 
circuit, 
as 
with 
the 
DECODED 
DATA 
CONTROLLER, 


requires 
no microprocessor 
time once the local RAM has 
been loaded with the desired data. 


The 
circuit 
shown 
in Figure 
13 shows 
a CODED 
DATA 


CONTROLLER 
designed 
for a 32 character 
HDSP-2000 
alphanumeric 
display. 
The 
key 
waveforms 
shown 
in 
Figure 
15, labeled G) , @ , and 
G> , are 
shown 
to 


simplify 
the analysis 
of this circuit. 
Label 
G) 
is the 1 MHz 


clock. 
Label ® 
is the output 
of 7404 pin 2 which 
is the 
inverted 
OD output 
of the 74197. Label 
@ 
is the output 


of the 7404 pin 6 which 
is the ANDed 
output 
of 20B, 20c, 


and 20D 
of the 74393. The Motorola 
6810 RAM stores 
32 


bytes of ASCII 
data which 
is continuously 
read, decoded, 
and displayed. 
The ASCII 
data from 
the RAM is decoded 
by the Motorola 
6674 128 character 
ASCII 
decoder. 
The 


6674 decoder 
has five column 
outputs 
which 
are gated to 


the 
Data 
Input 
of 
the 
display 
via a 74151 
mUltiplexer. 
Strobing 
of the display 
is accomplished 
via the 
74197, 


74393. and 7490 countp.r string. 
The 74197 is connected 
as 
a divide 
by 8 counter 
that sequentially 
selects 
the seven 


rows 
within 
the 6674. As shown 
by waveform 
@ 
,the 
74197 also enables 
seven clock 
cycles 
to be gated 
to the 
clock 
input 
of the display. 
The 74393 is a divide 
by 256 
counter 
connected 
so that 
the five lowest 
order 
outputs 
select 
each 
of the 32 ASCII 
characters 
within 
the RAM. 
The three 
highest 
order 
outputs 
determine 
the relation- 
ship between 
load time and column 
on time. When 20B = 


20c 
= 20D 
= 1 of the 74393, waveform 
G> 
goes 
to a 


logical 
1. The circuit 
then 
scans 
32 characters 
from 
the 


RAM and serializes 
the column 
data by counting 
through 
each 
of 
the 
seven 
rows 
of 
the 
6674 
and 
gating 
the 
appropriate 
column 
of 
the 
display. 
During 
the 
seven 


counts 
when 20B, 20c, 
and 20D of the 74393 are not equal 
to a logical 
1. the column 
data is displayed, 
as shown 
in 


waveform 
@. 
The 
duty 
factor 
of the display 
shown 
in 


Figure 13 is 17.5%. 


Changing 
the display 
length 
to 64 characters 
is a simple 
modification 
This configuration 
can be easily 
realized 
by 
disconnecting 
20B 
of 
the 
74393 
from 
the 
7410 
and 
connecting 
it through 
the remaining 
tri-state 
buffer on the 
74LS367 
and 
using 
the 
6810 
RAM 
to 
store 
64 ASCII 
characters. 
By leaving 
only 
20c 
and 20D attached 
to the 


7410, the column 
on time 
of the display 
is reduced 
from 


17.5% 
to 
15%. 
This 
reduction 
is caused 
because 
the 
relationship 
between 
actual 
column 
on 
time 
and 


theoretical 
column 
on time is 3/4 as opposed 
to 7/8 for the 
32 characters. 
Since the display 
length 
has been doubled, 


the 
drive 
transistors 
must 
be 
upgraded 
to 
handle 
the 


higher 
column 
currents. 


To 
implement 
a 128 character 
display, 
several 
modifi- 
cations 
are needed. 
These changes 
are incorporated 
into 


the circuit 
in Figure 16. First, the input clock frequency 
has 


been increased 
to 2 MHz. This has been done to maintain 
a 


refresh 
rate of approximately 
100 Hz for each digit, 
thus 


providing 
a flicker-free 
display. 
This 
higher 
speed 
of 
operation 
causes 
propagation 
delay 
problems 
within 
the 
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INMOS 
whose maximum 
access time is 350ns. 


For this reason, the MCM6674 
must be replaced 
by a faster 


Bipolar 
PROM. If this PROM is programmed 
with the code 


listed in Figure 17, it will decode a character 
font identical 
to 


the 
MCM6674. 
This 
same 
propagation 
delay 
problem 
is 
present 
with 
the 
MCM6810 
RAM. 
Following 
worst 
case 


design 
procedures, 
the MCM68A 
101.5 
MHz RAM should 
be used. 
To 
accommodate 
the 
additional 
address 
line 


made necessary 
by the display 
length 
expansion, 
the two 
74LS367 
tri-state 
buffers 
have 
been 
replaced 
with 
the 
74LS244 
octal 
version. 
Strobing 
of 
the 
display 
is 
accomplished 
using 
the 74197,74393, 
and 7490 counter 
string. 
The 74197 
is connected 
as a divide 
by 8 counter 
that 
sequentially 
selects 
the 
seven 
rows 
within 
the 
82S2708. 
The 74393 is a divide 
by 256 counter 
connected 


so that 
the seven 
lowest 
outputs 
select 
each 
of the 128 
ASCII 
characters 
within 
the RAM. The previously 
unused 


input 
Aloutput 
OA 
of 
the 
7490 
has 
been 
used 
as an 


additional 
divide 
by 2 counter. 
Thus, 
when 
the highest 
output 
of the 74393. 20D, and the OA output 
of the 7490are 


NANDed 
through 
7437, the 
basic 
relationship 
between 


load time and column 
on time is established. 
However, 
the 
external 
gating 
that 
has 
been 
added 
does 
affect 
the 
duty 
factor 
slightly. 
Although 
these 
additional 
gates 
increase 
the total 
package 
count 
by one, they perform 
the 


necessary 
function 
of ensuring 
that the column 
drivers are 


turned 
off 
before 
the clock 
is gated 
to the display. 
This 
prevents 
noise 
from 
being 
generated 
on the clock 
of the 
display and eliminates 
erroneous 
display data. The resultant 
duty factor is (23/321 (1/5) or 14.4%. Since the HDSP-2000 
is 
rated at leol(max1= 410 mA and there are 32 modules 
of four 


digits each, the transistors 
must source 
up to 32 times 410 


mA or approximately 
13A, Darlington 
PNP power transistors 


(2N6285) 
with 
the 
proper 
resistors 
have 
been 
used 
to 
accomplish 
this task. 
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.DISPLAY 
IS OPERATED WITH 
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HAND CORNER 


200 
F, 
FO 
E4 
E' 
EF 
F5 
F4 
FF 
E9 
FF 
FF 
F5 
E4 
FF 
F5 
F5 
AOW4 


2'0 
FF 
F7 
F7 
FD 
FO 
F5 
EA 
FF 
E4 
EE 
E8 
FF 
FD 
FD 
F7 
F7 


220 
EO 
E4 
EO 
EA 
EE 
E4 
E8 
FO 
E8 
E2 
FF 
FF 
EC 
FF 
EO 
E4 


PROM 
HEXIDECIMAL 
DATA 
230 
F5 
E4 
EE 
E6 
F2 
E1 
FE 
E4 
EE 
EF 
EO 
EC 
FO 
EO 
E1 
E2 


ADDRESS 
240 
ED 
F1 
EE 
FO 
E9 
Fe 
Fe F3 
FF 
E4 
E' 
F8 
FO 
f5 
F3 
F, 


250 
FE 
Fl 
FE 
EE 
E4 
Fl 
EA 
Fl 
E4 
E4 
E4 
E8 
E4 
E2 
EO 
EO 


260 
E2 
E' 
F9 
F1 
F3 
Fl 
EE 
ED 
F9 
E4 
E, 
F4 
E4 
F5 
F9 
F1 


270 
F9 
F3 
F9 
FO 
E4 
Fl 
F' 
F' 
EA 
EF 
E2 
E8 
EO 
E2 
EO 
F5 


080 
FF 
FF 
E4 
E' 
E8 
FF 
EO 
EE 
E4 
EO 
FF 
EO 
E4 
EO 
EE 
EE 
ROW1 
280 
F, 
FO 
E4 
E, 
E4 
FB 
F8 
EA 
E5 
E2 
EO 
EE 
F5 
E8 
FB 
F1 
ROW5 


090 
FF 
EE 
EE 
EE 
EE 
EO 
EE 
E1 
FF 
E4 
EE 
EE 
FF 
FF 
FF 
FF 
290 
F' 
F' 
F5 
F5 
Fl 
F8 
EA 
E1 
EA 
[4 
E4 
F, 
F1 
F5 
F5 
F1 


OAO 
EO 
E4 
EA 
EA 
E4 
F8 
E8 
EC 
E2 
E8 
E4 
EO 
EO 
EO 
EO 
EO 
2AO 
EO 
E4 
EO 
Ff 
E5 
E8 
F5 
EO 
E8 
E2 
EE 
E4 
EC 
EO 
EO 
E8 


OBO 
EE 
E4 
EE 
EE 
E2 
FF 
E6 
FF 
EE 
EE 
EO 
EC 
E2 
EO 
E8 
EE 
280 
F9 
E4 
FO 
E, 
FF 
E1 
F1 
E8 
Fl 
E1 
EC 
EC 
E8 
FF 
E2 
E4 


OCO 
EE 
E4 
FE 
EE 
FE 
FF 
FF 
EF 
F1 
EE 
E1 
F1 
FO 
F1 
F, 
EE 
2CO 
F5 
FF 
E9 
FO 
E9 
FO 
FO 
Fl 
F1 
E4 
E1 
F4 
FO 
Fl 
F, 
F' 
000 
FE 
EE 
FE 
EE 
FF 
F, 
F, 
F1 
F1 
F1 
FF 
EE 
EO 
EE 
E4 
EO 
200 
FO 
F5 
F4 
E, 
E4 
F' 
EA 
FS 
EA 
E4 
E8 
E8 
E2 
E2 
EO 
EO 


OEO 
E6 
EO 
FO 
EO 
E' 
EO 
E2 
ED 
FO 
E4 
E1 
FO 
EC 
EO 
EO 
EO 
2EO 
EO 
EF 
Fl 
Fa 
Fl 
FF 
E4 
E1 
F1 
E4 
E1 
F8 
E4 
F5 
F' 
F' 


OFO 
F6 
ED 
EO 
EO 
E4 
EO 
EO 
EO 
EO 
F1 
EO 
E2 
E4 
E8 
E8 
EA 
2FO 
F6 
ED 
FO 
EE 
E4 
Fl 
F1 
F5 
E4 el 
E4 
E4 
E4 
E4 
EO 
EA 


100 
F' 
FO 
E4 
E' 
E4 
F' 
E' 
F1 
E8 
E4 
EO 
E4 
F5 
E4 
F, 
F, 
RQW2 
300 
F, 
fQ 
E4 
E, 
E2 
Fl 
FO 
EA 
E1 
E4 
EO 
E4 
EE 
E4 
F, 
F, 
RQW6 


110 
F' 
F5 
F1 
F' 
F5 
E5 
EA 
E1 
F1 
E4 
F1 
F1 
F5 
F' 
F' 
F5 
310 
F' 
F' 
F5 
F5 
F1 
FO 
EA 
El 
F1 
E4 
EO 
F1 
F1 
F5 
F5 
F' 
120 
EO 
E4 
EA 
EA 
EF 
F9 
F4 
F.C 
E4 
E4 
F5 
E4 
EO 
EO 
EO 
E' 
320 
EO 
EO 
EO 
EA 
FE 
F3 
F2 
EO 
E4 
E4 
F5 
E4 
E8 
EO 
EC 
FO 


130 
F1 
EC 
F1 
F, 
E6 
FO 
E8 
E1 
F1 
F' 
EC 
EC 
E4 
EO 
E4 
F' 
330 
F, 
E4 
FO 
F1 
E2 
F' 
F, 
FO 
F' 
E2 
EC 
E8 
E4 
EO 
E4 
EO 


140 
F' 
EA 
E9 
F' 
E9 
FO 
FO 
FO 
F1 
E4 
E, 
F2 
FO 
FB 
F9 
F' 
340 
F5 
F' 
E9 
F1 
E9 
FO 
FO 
Fl 
F' 
E4 
F' 
F2 
FO 
Fl 
F1 
F1 


150 
F1 
F1 
F' 
F1 
E4 
F1 
F1 
F1 
F1 
F, 
E' 
E8 
FO 
E2 
EA 
EO 
350 
FO 
F2 
F2 
F1 
E4 
Fl 
E4 
FB 
Fl 
E4 
FO 
E8 
E1 
E2 
EO 
EO 


'60 
E6 
EO 
FO 
EO 
E1 
EO 
E5 
F3 
FO 
EO 
EO 
FO 
E4 
EO 
EO 
EO 
360 
EO 
F1 
F9 
F1 
F3 
FO 
E4 
F1 
F' 
E4 
Fl 
F4 
E4 
FS fl 
F, 


170 
F9 
F3 
EO 
EO 
E4 
EO 
EO 
EO 
EO 
F' 
EO 
E4 
E4 
E4 
F5 
F5 
370 
FO 
E1 
FO 
E' 
E5 
F3 
EA 
F5 
EA 
F, 
E8 
E4 
E4 
E4 
EO 
F5 


180 
F' 
FO 
E4 
E1 
E2 
FB 
E2 
F1 
FE 
E2 
EO 
E4 
EE 
E8 
fB 
Fl 
ROW3 
380 
FF 
FO 
FF 
FF 
E1 
FF 
EO 
FB 
El 
EO 
FF 
EO 
E4 
EO 
EE 
EE 
ROW7 


190 
F1 
F5 
F' 
F1 
F5 
E2 
EA 
E' 
EA 
EE 
FO 
F' 
F5 
F, 
Fl 
F5 
390 
FF 
EE 
EE 
EE 
EE 
EO 
FB 
E1 
FF 
E4 
E4 
EE 
FF 
FF 
FF 
FF 


'AO 
EO 
E4 
EA 
FF 
F4 
E2 
F4 
E8 
E8 
E2 
EE 
E4 
EO 
EO 
EO 
E2 
3AO 
EO 
E4 
EO 
EA 
E4 
E3 
ED 
EO 
E2 
E8 
E4 
EO 
FO 
EO 
EC 
EO 


'BO 
F3 
E4 
E, 
E1 
EA 
FE 
FO 
E2 
F' 
F, 
EC 
EO 
E8 
FF 
E2 
E' 
3BO 
EE 
EE 
FF 
EE 
E2 
EE 
EE 
FO 
EE 
EC 
EO 
FO 
E2 
EO 
E8 
E4 


'CO 
E1 
F' 
E9 
FO 
E9 
FO 
FO 
FO 
F' 
E4 
El 
F4 
FO 
F5 
F5 
F' 
3CO 
EE 
F1 
FE 
EE 
FE 
FF 
FO 
EF 
F1 
EE 
EE 
F1 
FF 
F, 
F, 
EE 


'00 
F1 
F' 
F' 
FO 
E4 
F1 
F' 
F' 
EA 
EA 
E2 
E8 
E8 
E2 
F' 
EO 
300 
FO 
ED 
F1 
EE 
E4 
EE 
E4 
Fl 
F1 
E4 
FF 
EE 
EO 
EE 
EO 
FF 


'EO 
E4 
EE 
F6 
EE 
ED 
EE 
E4 
F3 
F6 
EC 
E' 
F2 
E4 
FA 
F6 
EE 
3EO 
EO 
EF 
F6 
EE 
ED 
EE 
E4 
EE 
F1 
EE 
EE 
F2 
EE 
F5 
F' 
EE 


'FO 
F1 
F' 
F6 
EF 
FF 
F' 
F' 
F' 
F' 
F' 
FF 
E4 
E4 
E4 
E2 
EA 
3FO 
FO 
E' 
FO 
FE 
E2 
ED 
E4 
EA 
F1 
EE 
FF 
E2 
E4 
E8 
EO 
EA 


The 
previously 
mentioned 
interface 
techniques 
provide 


only 
for the display 
of ASCII 
coded 
data. Such important 
features 
as 
a 
blinking 
cursor, 
editing 
routines, 
and 


character 
addressing 
must 
be 
provided 
by 
other 


subroutines 
in 
the 
microprocessor 
software. 
The 
DIS- 
PLAY 
PROCESSOR 
CONTROLLER 
is a system 
which 
utilizes 
a dedicated 
8048 single 
chip 
microprocessor 
to 
provide 
these 
important 
features. 
This 
controller, 
as 
depicted 
in Figure 
18, is a series of printed 
circuit 
board 


subsystems 
available 
from 
Hewlett-Packard 
under 
the 
following 
part 
numbers: 


HDSP-2470 
-- 
Controller 
with 64 character 
ASCII to 5 x 7 
decoder 
HDSP-2471 
- 
Controller 
with 
128 character 
universal 
ASCII 
to 5 x 7 decoder 
HDSP-2472 
- 
Controller 
with 
socket 
for 
user supplied 
custom 
coded 
ROM/PROM/EPROM. 


All of the controllers 
have the following 
features: 


• 
Choice 
of character 
string 
length: 


4 to 48 characters 
in increments 
of four characters 


• 
Four 
modes 
of data entry 
Left Entry 
Right 
Entry 
RAM 
Entry 
(~ 32 characters 
only) 


Block 
Entry 


• 
Flashing 
Cursor 
- 
Left Entry 
Only 


• 
Data Out 
(~ 32 characters 
only) 


• 
Edit Functions 
Clear 
Display 
} 
RIGHT 
Backspace 
Cursor 
ENTRY 
Forwardspace 
Cursor 
Insert 
Delete 


} 


LEFT 
ENTRY 


These 
controllers 
have been 
designed 
to eliminate 
the 


burden 
of data handling 
between 
keyboard, 
display, 
and 


microprocessor. 
The 
product 
data sheet 
describes 
the 


technical 
function 
of the controllers 
in detail. 


Interfacing 
the controller 
to microprocessor 
systems 
de- 


pends on the needs of the particular 
application. 
Figure 19 


depicts a latched interface from a master microprocessor 
to 


the H DSP-247X series of controllers. 
These interfaces 
are 


utilized 
to avoid 
having 
the master 
processor 
wait for the 


controller 
to accept data. 


In sophisticated 
systems, 
it may be desirable 
to have the 


HDSP-247X 
controller 
handle 
all of the keyboard/display 


interface 
while the microprocessor 
reads edited messages 


from 
the controller 
DATA 
OUT port. This function 
can be 
achieved 
through 
the use of peripheral 
interface 
adapters 


(PIAl 
available 
from 
the microprocessor 
manufacturers. 


Figure 20 depicts 
a 6800 based system 
in which 
data may 
enter 
the 
display 
from 
either 
a 
keyboard 
or 
a 


microprocessor. 
This 
interface 
uses 
a 6821 
PIA 
con- 


figured 
so that PB7 controls 
whether 
the microprocessor 
or 
keyboard 
enters 
data 
into 
the 
controller. 
The 
6800 


program 
is shown 
in Figure 
21. Subroutine 
"LOAD" 
uses 


CA, 
and 
CA2 to 
provide 
a data 
entry 
handshake 
thatI 


DATA 
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VB, DISPLAY 
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VCC~ 
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VCC 
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BUSs 
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BUSS 
17 
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BUS3 
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BUS2 
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RESET 
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RESET 
BUS, 
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12 
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38 
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37 
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36 
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35 
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23 
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"22 
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141 
1 


016 
1231 
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015 
1211 
32 
"16 


014 
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31 
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013 
"71 
30 
"14 


012 
"51 
29 
"13 
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1131 
28 
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010 
"11 
27 
"10 


"1 
6 


IRO 


'0012 
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INI 


~VCC 
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~ 
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GNO 
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'RI 


ITI 


r ONLY 
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RAM-MODE 
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r 


14 
(25) 
A4 
A, 


13 
(9) 
A3 
ADDRESS 
A 


BUS 
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A, 
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Al 


AO 


6 


131 
~ 
vcc- 


HOSP 
124701112 


READY 


I 
I 
9 
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11 
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___ 
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V" 
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CL 
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1880 
80 
19 
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011 


0, 
17 
70 
7016 
(23) 
016 


0, 
14 
60 
60 
15 
121) 
DIS 


DATA 
04 
1350 
50 
12 
(19) 
014 
BUS 
D3 
, 
.0 
'0 
9 
(171 
013 
0, 
, 
30 
30 
6 
(151 
DI2 
0, 
20 
205 
(13) 
011 


00 
'0 
'0 
2 
111) 
010 


74LS273 


'CS 
IS A LOGICAL 
COMBINATION 
OF 
HIGH 
ORDER 
ADDRESS 
BITS 


THAT 
DISTINGUISH 
THE 
ADDRESS 
OF 
THE 


HOSP·247011/2 
FROM 
THE 
REST 
OF 
THE 
MICRO· 


PROCESSOR 
SYSTEM. 


Pa, 
17 
'.. " 
Pa5 
15 
Pa. 
14 


0, 
"3 
13 
26 
Pa2 


27 
0, 
Pa, 


12 


28 
05 
Pao " 
~"1 


28 
d. 
" 
'US 
03 
C" 
18 
9 ':TI20;<F 
30 
02 
C82 , 


31 
74LS157 
0, 
"74LS1321O 
32 
'" 
DO 
9 
14 
'" , 
" 


3A 


VMA' 
A15 
CS<> 
"5 
5 
2A 


"" 
2 
'A 
4Y 
12 
A3 
CS, 
48 


13 
" 
9 


A13 
CS2 
10 
38 
2Y 


AD 
RSO 
' 
2B 


36 
3 
18 


A, 
RS, 
, 
SEL 


15 
ST 


R/W 
R/W 
" 
25 
"3 
14 


RESET 


34 


"'R'E"SEf 
PAZ 
" 
3A 


i'R'O 
IAO'B 
'A1 
5 
2A 


"0 
2 
'A 
,Y 
12 


1348 
3Y 
9 


10 
38 
2Y , 
~~: 


'Y . 


CA, 


CA2 


MOTOROLA 
6821 


8 
006 


10 005 


12 
004 


14 
003 


16 
002 


18 
001 


20 
000 


2 
DATA 
VALID 


HDSP 
2470/71172 
DISPLAY 
PROCESSOR 
CONTROLLER 


4 
017 


23 
016 


21 
015 


19 
014 


17 
013 


15 
012 


13 
011 


11 
010 


HOSp· 


2416/24132140 
ALPHANUMERIC 


DISPLAY· 


I 


. PORT 
CONFIGURA 
nON, 
I. 
PORT 
A, 


PAa-PA 7 OUTPUTS 
TO DATA 
IN OF HDSP-247X 
CAI 
(INPUT) 
MOOE 
00 SET 
FLAG 
NEG 
EDGE 
OF 
READY 
CA2 
(OUTPUT) 
MODE 
100 CLEARED 
MPU 
READ 
PRA. 
SET 


NEG 
Er'lGE 
OF 
READY 
I. 
PORT 
B, 


PBO-PB6INPUTS 
DATA 
TO 
6800 
FROM 
DATA 
OUT 
OF 
HDSP-247X 
CBI 
(INPUT) 
MODE 
00 
SETS 
FLAG 
NEG 
EDGE 
OF 
DATA 
VALID 
CB2 
(INPUT) 
MODE 
000 
SETS 
FLAG 
NEG 
EDGE 
OF 
ER 
KEY 


CB2 
(INPUT) 
MODE 
001 
SETS 
FLAG 
NEG 
EDGF 
OF 
ER 
KEY 
CAUSING 
IRQ 


PB7 
(OUTPUT) 
LOW 
ENABLES 
PAC-PA7 
TO 
MUX 


HIGH 
ENABLES 
KEYBOARD 
TO 
MUX 


LOC 
OBJECT 
CODE 
SOURCE 
STATEMENT 


8008 
PRA 
EQU 
18008 
WAIT 
FOR NEXT 


8008 
DRA 
EQU 
18008 
DISPLAY 
DATA 


8009 
CRA 
EQU 
18009 
OUTPUT 
CYCLE 


BOOA 
PRB 
EQU 
S800A 
WAIT 


800A 
DRB 
EQU 
1800A 
FOR 
DATA 
800B 
CRB 
EQU 
1800B 
VALID 


ORG 
10000 


0000 
MESSAGE 
RMB 
2 


ORG 
10100 


0100 
STATUS 
RMB 
I 
OlOl 
CURSOR 
RMB 
I 
0102 
DATA 
RMB 
32 


ORG 
10400 


0400 
CE 
0100 
READ 
LDX 
I. STATUS 
0403 
B6 
800A 
LOOPI 
LOA 
A 
E.PRB 
CLEAR cat 
AND CB2 


0406 
SF 
CLR 
B 
0407 
5C 
LOOP2 
INC 
B 


0408 
B6 
800B 
LDA 
A 
E. CRB 
040B 
2A 
FA 
BPL 
LOOP2 
WAIT FOR DATA 
VALID 


040D 
CI 
OA 
CMP 
B 
1.10 
040F 
23 
F2 
BLS 
LOOP 
I 
0411 
C6 
21 
LOAB 
1.33 


0413 
B6 
BOOA 
LOOP3 
LDA 
A 
E. PRB 
READ 
AND 
CLEAR 
CBI 
0416 
84 
7F 
AND 
A 
1.17F 
0418 
A7 
00 
STA 
A 
X,O 
STORE 
IN 
RAM 
041A 
B6 
800B 
LOOP4 
LOA 
A 
E,CRB 
041D 
2A 
FB 
BPL 
LOOP4 
WAIT 
FOR 
DATA 
VALID 
041F 
08 
INX 
0420 
5A 
DEC 
B 
0421 
26 
FO 
BNE 
LOOP3 
READ 
DATA 
0423 
B6 
800A 
LOA 
A 
10, PRB 
0426 
84 
7F 
AND 
A 
1,17F 
0428 
A7 
00 
STA 
A 
X,O 
042A 
39 
RTS 


042B 
DE 
00 
LOAD 
LOX 
D. MESSGE 


042D 
A6 
00 
LOOPIO 
LOA 
A 
X,O 
042F 
08 
INX 
0430 
81 
FF 
CMP 
A 
I. IFF 
LAST 
WORD 
IN 
STRING 
0432 
27 
OD 
BEQ 
ENDL 
JUMP 
WHEN 
DONE 


READ 
0434 
B7 
8008 
STA 
A 
E, PRA 
0437 
7D 
8008 
TST 
E, PRA 
CLEAR 
CAt 
AND 
CA2 
NEXT 


043A 
B6 
8009 
LOOP 
II 
LOA 
A 
E,eRA 
DATA 
OUT 
043D 
2A 
FB 
BPL 
LOOP 
I I 
WAIT 
WORD 


043F 
20 
EC 
BRA 
LOOPIO 


0441 
DF 
00 
ENDL 
STX 
D. MESSGE 


0443 
39 
RTS 


ORG 
10500 


0500 
7F 
8009 
START 
CLR 
E,CRA 
0503 
7F 
800B 
CLR 
E. CRB 


0506 
86 
FF 
LDA 
A 
I. IFF 


0508 
B7 
8008 
STA 
A 
E. ORA 


050B 
86 
24 
LOA 
A 
1.124 


050D 
B7 
8009 
STA 
A 
E,eRA 
0510 
86 
80 
LOA 
A 
1,180 
0512 
B7 
800A 
STA 
A 
10, DRB 


0515 
86 
04 
LOA 
A 
1.104 


0517 
B7 
800B 
STA 
A 
E.CRB 


PROCEDURE 
TO 
LOAD 
HDSP-247X 
SYSTEM 


051A 
OE 
CLI 


051B 
7F 
800A 
CLR 
E. PRB 
DISABLE 
KEYBD 
FROM 
MUX 
OSI E 
BD 
042B 
JSR 
E. LOAD 


• 
PROCEDURE 
TO 
READ 
DATA 
OUT 
OF 
HDSP-247X 
SYSTEM 


0521 
7D 
800A 
1'ST 
10, PRB 
CLEAR 
CBI, 
CB2 
NO 


0524 
86 
80 
LDA 
A 
1,180 
(lOOP 
10) 


0526 
B7 
800A 
S1'A 
A 
10, PRB 
ENABLE 
KEYBD 
TO 
MUX 
0529 
86 
OC 
LOA A 
l.lOC 


042B 
B7 
800B 
STA 
A 
E,CRB 
ENABLE 
IRQ, 
05210 
OF 
SEI 
IRQ 
CAUSE 
JSR 
TO 
READ 


4 
RESET 


5 
74LS132 


6 
6 


PB, ~ 
PB, 
24 
DO, 
8 
PIls 


23 


DDs 


10 
PB. 


22 
DO. 
12 
PB, 


21 
DO, 
14 
PB, 
20 
DO, 
HOSp· 


PB, 
16 
2416/24/32/40 


19 
18 
DO, 
ALPHANUMERIC 
- V 


PBO 
18 
000 
DISPLAY· 
0, 
20 
- - 
0, 
PC, 
9 
16 (SIB) 
DATA 
VALID 
V. 
28 
8 
2 
A 
A 
- 
29 
05 
74LS132 
10 
HOSP· 
COLUMN, 


DATA 
- 
30 
D. 


PA, 
37 
14 
4A 
2470nln2 
~ 
~ 


BUS 
PA, 
3A 
DISPLAY 
C 
C 
- 
3i 
0, 
38 
11 
2A 74LS157 
COlUMN2 


- 
32 
0, 
PAs 
39 
5 
PROCESSOR 
~ 
l.': 


PA. 
lA 
4Y 
E 
E 
- 
33 
0, 
40 
2 
12 
4 
01, 
COlUMN3 
~ 
4B 
3Y 
l0 L!: 
- 'J4 
Do 
13 
9 
23 
01, 


3B 
2Y 
G 
G 
INTEL 
10 
7 
21 
015 
COlUMN4 
8255A 
2B 
1Y 
01. 
~ 
~ 
A.- 
6' 
CS 
6 
4 
19 
lB 
I 
I 


A,- 
a 
A, 
~ 


SEL 
..:.J 
~ 


COLUMNs 


Ao- 
~ 
Ao 
~ 
ST 
K 
K 
CLOCK 
llORiS- s< AD 
- 
L 
L 


PA, 


DISPLAY 
DATA 


1 
4A 
M 
M 


1/0WR- 
~ 
WR 
14 
vcc 
PAz 
2 
3A 
.::J 
l.!: 
11 
74lS157 


s~~~~~_~ 
RESET 
PA, 
3 
5 
2A 
° 
° 


PAo 
lA 
4Y 
~ 
~ 
GNo 


4 
2 
12 
17 
013 


13 
4B 
3Y 
9 
01, 
a 
a 
15 


10 
3B 
2Y 
01, 


7 
13 


6 
2B 
1Y 
010 
4 
11 


3 
lB 


PC. 
13 
1 
SEL 
....c;i 
ST 


PC, 
- 
11 
22K 
22 
READY 


lACK' 
1000pF 
vcc 
1\ 
T l~cs 


PC, 


10 
113 
111 
10BFI 


~ 


B, 
2 74LS13 
3 
2 
5 
74LS00 
6 
1 


+vcc 
B, 


INTERRUPT 
20 
Ff 
~ 
A1 74lS122 


~p 
~ 
A, 


*16.24,32. 
OR 40 CHARACTER 
HDSP·2000 
DISPLAY 


, 
12~ 
he 
CL 
aT 
BOARD 
DESIGNED 
TO INTERFACE 
TO THE 
HDsp· 


3 
2 
11 
2470nln2 
DISPLAY 
PROCESSOR 
CONTROLLER. 


74LSOO 
74lS132 
13 
17 
lK 
" 
1\ 
~ 
l000pF 
-=- 
I 


ER 06 05 04 03 02 01 Do ST 


MICROSWITCH 
61SW12·' 
KEYBOARD 


allows 
the 6800 to load data into the controller 
as fast as 
the controller 
can accept 
it. After the prompting 
message 
has been loaded, 
the microprocessor 
turns the control 
of 
data 
entry 
over 
to 
the 
keyboard. 
A 
signal 
from 
the 


keyboard 
("ER" in the example) 
sets a flag within the6821. 


Depending 
on 
how 
the 
6821 
is 
configured, 
the 
microprocessor 
can either test the flag or allow the flag to 
automatically 
interrupt 
the 
microprocessor. 
Subroutine 


"READ" 
would 
then 
be 
used 
to 
read 
the 
DATA 
OUT 
outputs 
from 
the 
controller 
into 
the 
microprocessor 


system. 
The 
microprocessor 
uses the CB, 
input 
of the 
6821 PIA to determine 
when to read each of the 34 data 


output 
words 
into the system. 


A similar 
PIA interface 
for the 8080A 
microprocessor 
is 
depicted 
in Figures 22 and 23. 


The HDSP-247X 
series of controllers 
are programmed 
to 
default 
to "Left 
Entry" 
mode for a 32 character 
string 
of 
displays. 
If some 
other 
entry 
mode 
or string 
length 
is 
desired, 
it 
is necessary 
to either 
load 
the 
appropriate 
control 
word 
from 
the 
microprocessor 
or to provide 
a 
control 
word 
during 
POWER ON RESET. The controller 
will 
read the DATA 
IN lines during 
RESET and interpret 
the contents 
as the control 
word. The circuit 
depicted 
in 
Figure 
24 can 
be utilized 
to 
load 
any 
desired 
prepro- 


grammed 
word 
into 
the 
HDSP-247X 
controller, 
during 
power on. 
• 


••.•,...v ••...' \VO., 
.....Lc,i'\I\CUDl 
UUlt'UI;~t.lI:1Y 
READY 


• 
2. 
PORT B (MODE 
I INPUT): 


PBO·PB6INPUTS 
DATA FROM DATA OUT OF HDSp·247X 
PC2 (STB) INPUT; LOADS DATA ON NEG EDGE OF DATA VALID 
FLAG PCO (lNTR) 
CLEARED 
BY INPUT; SET BV DATA VALID 


• 
3. 
PORT C: 


PC4 OUTPUT: 
LOW ENABLES 
PAO·PA7 TO HDSP·247X 
HIGH ENABLES 
KEYBOARD 
TO HDSp·247X 


LOC 
OBJECT 
CODE 
SOURCE 
STATEMENTS 


OOOC 
PA 
EQU 
OCH 
OOOD 
PB 
EQU 
ODH 
OOOE 
PC 
EQU 
OEH 
OOOF 
CNTRL 
EQU 
OFH 


ORG 
OEOOOH 


EOOO 02 
EO 
ASCII 
DW 
TEXT 
E002 
00 
TEXT 
DS 
32 


ORG 
OEIOOH 


EIOO 
00 
STAT 
DB 
0 
WAIT 
EIOI 
00 
ADDR 
DB 
0 
FOR 
EI02 
00 
DATA 
DS 
32 
DATA 
VALID 
ORG 
OE400H 
E400 
F3 
READ 
DI 
E401 
FS 
PUSH 
PSW 
E402 
ES 
PUSH 
H 
E403 
CS 
PUSH 
B 
E404 
OE 20 
MVI 
C,32 
E406 
21 
00 
EI 
LXI 
H, STAT 
FIRST WORD 
E409 
DB OD 
IN 
PB 
CLEAR 
INTR 
E40B 
06 
00 
LOOPI 
MVI 
B,O 
E40D 
DB OE 
LOOP2 
IN 
PC 
E40F 
04 
INR 
B 
E410 
IF 
RAR 
NO 
E411 
D2 
OD E4 
JNC 
LOOP2 
WAIT UNTIL INTR IS SET 


E414 
3E 
OA 
MVI 
A,IO 
E416 
BS 
CMP 
B 
E417 
DB OD 
IN 
PB 
E419 
D2 
OB E4 
JNC 
LOOPI 
WAIT UNTIL STATUS WORD 
E41C 
77 
LOOP3 
MOV 
M,A 
STORE IN RAM 
E41D 
23 
INX 
H 
E41E 
DB OE 
LOOP4 
IN 
PC 
E420 
IF 
RAR 
E421 
D2 
IE 
E4 
JNC 
LOOP4 
WAIT UNTIL INTR IS SET 
E424 
DB OD 
IN 
PB 
E426 
OD 
DCR 
C 
E427 
C2 
IC E4 
JNZ 
LOOP3 
E42A 
77 
MOV 
M,A 
STORE 
LAST WORD 
E42B 
CI 
POP 
B 
E42C 
EI 
POP 
H 
E42D 
FI 
POP 
PSW 
E42E 
FB 
EI 
E42F 
C9 
RET 


E430 
2A 
00 
EO 
LOAD 
LHLD 
ASCII 
FIRST WORD OF MESSAGE 
E433 
7E 
LOOPS 
MOV 
A,M 
F434 
FE 
FF 
CPI 
OFFH 
CHECK TO SEE IF DONE 
E436 
CA 4S 
E4 
JZ 
ENDL 
E439 
D3 
OC 
OUT 
PA 
OUTPUT TO DISPLAY 
E43B 
23 
INX 
H 
E43C 
DB OE 
LOOP6 
IN 
PC 
E43E 
17 
RAL 
E43F 
D2 
3C E4 
JNC 
LOOP6 
WAIT 
E442 
C3 
33 
E4 
JMP 
LOOPS 
NEXT WORD 
E44S 
23 
ENDL 
INX 
H 
(LOOP 51 
E446 
22 
00 
EO 
SHLD 
ASCII 
E449 
C9 
RET 


E44A 
3E 
A7 
START 
MVI 
A,OA7H 
PA OUTPUT, 
PB INPUT 
E44C 
D3 
OF 
OUT 
CNTRL 
E44E 
3E 
OC 
MVI 
A,OCH 
CLEAR 
INTE A 
E450 
D3 
OF 
OUT 
CNTRL 
E452 
3E 
05 
MVI 
A,OSH 
E454 
D3 
OF 
OUT 
CNTRL 
SET INTE B 
. PROCEDURE 
TO LOAD HDSP·247X 
SYSTEM 
E456 
3E 
08 
MVI 
A,OSH 
E45S 
D3 
OF 
OUT 
CNTRL 
ENABLE 
A SIDE OF MUX 
E45A 
CD 30 
E4 
CALL 
LOAD 
. PROCEDURE 
TO READ DATA OUT OF HDSP·247X 
SYSTEM 
E45D 
3E 
09 
MVI 
A,09H 
E45F 
D3 
OF 
OUT 
CNTRL 
ENABLE 
B SIDE OF MUX 
E461 
FB 
EI 
INT MUST CALL READ 


141 
011 


(231 
016 


(21) 
D1S 


(19) 
014 


3. 
2',. 


4B 


3B 


28 
'8 


SEL 
74LS157 
ST 


DES'RED { 
3' 
LENGTH 
yyyy. 
2' 
5 ,. 
DI, 


2 
12 
117l 
D', 


13 


48 
9 
It51 
DI, 


DI, 
38 
7 
113) 
01, 


10 


011- 
6 


28 
,y 
4 
1111 
01, 


01, 
18 
3 
5EL 
74LS157 
, 


57 


13 
Os 


111 


122) 


DISPLAY 
POWER 
DISSIPATION 


The HDSP-2000 
combines 
a significant 
amount 
of logic and 
display 
capability 
in a very small package. As such, on-board 
power dissipation 
is relatively 
high and thermal 
design of the 
display 
mounting 
becomesan 
important 
consideration. 
The 
HDSP-2000 
is designed 
to permit 
operation 
over 
a wide 
range of temperature 
and supply 
voltages. 
The design 
of a 
heatsink 
to 
maintain 
a junction 
temperature 
of less than 


125°C for a multiple 
package 
system where every electrical 
input 
operates 
at maximum 
voltage 
and current 
would 
be 
difficult 
at best. 
However, 
in virtually 
all applications, 
the 
actual 
power dissipation 
is only a small fraction 
of the maxi- 
mum power dissipation, 
since Veol is less than 5.25V, only a 
fraction 
of the 35 LEDs are on at any time, and the duty factor 
is never 20%. The calculation 
of power dissipation 
is impor- 
tant since the result 
is largely 
a function 
of external 
circuit 


parameters. 
The 
minimization 
of 
power 
dissipation 
will 
reduce 
the amount 
of heatsinking 
required 
for the displays. 
Furthermore, 
by the Arrhenius 
model, the display 
reliability 
is increased 
by 40% for a 10° C reduction 
in junction 
temper- 
ature. Thus, reduced 
power dissipation 
or better heatsinking 


can also increase 
the reliability 
of the display 
system. 


Calculation 
of power 
dissipation 
in the HDSP-2000 
display 
family 
can be made using the following 
formulas: 


where 


P(leel 
= leel 
Vee 
(81 


when Vee is applied 
continuously 
to the display 


P(leel 
= leel 
Vee (t + TI / (t + T + TBI 
(91 


when Vee is turned 
off during 
the time TB 


where 


P(IREFI = (lee2 -Ieell 
Vee (n/351 
(101 


when 
VB is connected 
to Vee 
and 
Vee 
is applied 


continuously 
to display 


P( IREFI = 5 (lee2 - 
leel) 
Vee (n/35 I D.F. 
(11 I 


when VB is logical 
0 during 
times t and TB 


where 


P(leol) 
= 5 leol 
VeOl 
(n/35) 
D.F. 


where 


n = average number 
of diodes illuminated 
per character 


D.F. = column 
on time from 
equation 
(1 lor 
(51 


leel = Ice (VB = O.4VI 


lee2 = Ice (VB = 2.4VI 


P(leel 
is the power which 
is dissipated 
in the logic within 
the 


shift 
register. 
P(lee) 
is constant 
regardless 
of n, or D.F. as 


long as voltage 
is applied 
to the Vee pin. However, 
for low 


D.F., Ice can be switched 
off during 
the time the display 
is 


blanked. 
P( IREFI is the power dissipated 
in the logic to drive 
the current 
mirror 
output. 
Thus, 
if the output 
of the shift 
register 
and the VB input 
are both logical 
1, P( IREF) will be 


dissipated. 
P( leoll 
is the power 
dissipated 
within 
the LEDs 


and the constant 
current 
outputs 
during 
the time that Veol 
is 


applied 
and the LEDs are on. 


As can be seen from 
formulas 
(71 through 
(121 there 
are 


several techniques 
by which 
total power dissipation 
can be 


reduced: 


• 
Reduce 
n 
• 
Reduce Veol 
• 
Reduce 
D.F. 
• 
Reduce 
Vee 


• 
Turn off Vee when display 
is blanked 


For most applications, 
n S 20 dots. For example, 
the HDSP- 
2470 character 
generator 
has 3 characters 
with 20 dots on (#, 


@, SI, 1 character 
with 
19 dots on (zerol, 
and 6 characters 


with 
18 dots 
on (A,D,E,M,R,W). 
With 
custom 
PROM 
pro- 
gramming 
these4 
symbols 
(#, @, S, zerol can be modified 
to 


reduce the total number 
of dots on to 18 or less. The average 


of all 36 alphabetic 
and numeric 
symbols 
is 14.7 dots on. The 


calculations 
assume 
that 
every 
character 
has 
the 
same 


number 
of illuminated 
dots. This assumption 
can overstate 


the maximum 
power dissipation 
if the application 
includes 
a 


fixed 
number 
of spaces in the display. 


Above 
2.4V Veol 
for standard 
red devices 
and 2.75V Veol 
for GaP devices, 
leol 
is nearly constant. 
While 
it is possible 


to operate 
the columns 
of the 
HDSP-2000 
display 
using 


fullwave 
rectified 
unregulated 
DC, lower 
power 
dissipation 
can be achieved 
by using the regulated 
Vee supply. 
Then, 


Veol 
is 
equal 
to 
Vee 
minus 
the 
collector 
to 
emitterI 
saturation 
voltage 
across the column 
switching 
tranSistors.: 
_: 
Since 
the minimum 
recommended 
Veol 
is 2.4V or 2.75V, 


PNP Darlington 
transistors 
with a silicon 
diode in series with 
the emitter can be used to lower the power dissipation 
within 
the display. 


The time averaged 
luminous 
intensity 
for the display 
is equal 
to the peak luminous 
intensity 
on the data sheet times 
O.F. 


Thus, 
reduction 
in O.F. will also reduce 
the time averaged 
luminous 
intensity 
as well 
as power 
dissipation. 
For most 
indoor 
applications, 
a O.F. of 10% for standard 
red and 5% 


for GaP displays 
will provide 
satisfactory 
luminous 
intensity. 


Forexample, 
the40 
character 
HOSP-2470 
system 
has a O.F. 


of 11.6%. However, 
a O.F. of 17% or higher 
is recommended 
for sunlight 
viewable 
applications 
for the GaP displays. 


The 
HOSP-2000 
family 
of 
alphanumeric 
displays 
are 
specified 
for operation 
with a 5% tolerance 
5 volt supply. 
A 
tighter 
tolerance 
supply 
will 
also 
reduce 
the 
power 
dissipation 
in the display. 


Ice 
can 
be switched 
off 
during 
the 
time 
the 
display 
is 
blanked. 
Thus, 
power 
would 
be applied 
to the display; 
the 
shift register 
would 
be loaded with information; 
the columns 


would 
be turned 
on; and then the column 
current, 
VB, and 
Vee 
would 
be switched 
off 
until 
the 
next column 
refresh 
cycle. 
For low OF, 
this can significantly 
reduce 
the power 
dissipation 
within 
the display. 
As O.F. increases, 
the display 
is blanked 
for a smaller 
portion 
of the refresh 
cycle 
and the 
power reduction 
is reduced. 
When the blanking 
time goes to 
zero, the power 
reduction 
also goes to zero. 


For example, 
the 
maximum 
power 
dissipation 
for 
a four 
character 
HOSP-2000 
display 
(n = 20, Veol 
= 3.5V, VB = 


2.4V, O.F. = 17.5%, Vee = 5.25V) can be calculated 
as shown 


below: 


Plleel 
= (60 mAl 
15.25VI 


= 315 mW 
(131 


P(IREFI 
= 5 (95 mA - 
60 mAl 
(5.25VI 
(20/351 (0.1751 


=92 
mW 
(14) 


P(leoL! 
= 5 (410 mAl 
(3.5VI (20/351 (0.1751 


= 718 mW 
1151 


= P(leel 
+ P(IREFI + P(leoL! 


= 1125 mW 


Maximum 
Power 
Dissipation 
Typical 
Power 
Dissipation 


Operating 
Conditions 
Power 
Operating 
Conditions 
Power 


IUnless 
otherwise 
specified 
1 
Dissipation 
(Unless 
otherwise 
specified) 
Dissipation 


Assumptions 
Vee = 5.25V 
1.12W 
Vee = 5.00V 
.65W 


Used in 
VeOl = 3.5V 
VeOl = 3.0V 
n = 20 
n = 15 
O.F. = .175 
O.F. = .175 
VB = logical 
0 during 
VB = logical 
0 during 


t land TBI 
t (and TBl 


TB=O 
TB= 
0 


1. Reduce 
n 
n = 18 
1.04W 


2. Reduce 
n 
n = 18 
.95W 


and Veol 
VeOl = 3.0V 


3. Reduce 
Veol 
VeOl = 3.0V 
1.02W 
VeOl 
= 2.4V 
.58W 


VeOl = 2.75V 
.62W 


4. Reduce 
O.F. 
O.F. = .10 
.78W 
O.F. = .10 
.47W 


O.F. = .05 
.55W 
O.F. = .05 
.35W 


5. 
Reduce 
Veol 
VeOl = 3.0V 
VeOl = 2.4V 


and O.F. 
O.F. = .10 
.72W 
O.F. = .10 


.43W 


VeOl 
= 3.0V 
.52W 
VeOl = 2.75V 
.34W 
O.F. = .05 
OF 
= .05 


6. 
Reduce 
OF 
O.F. = .10 
OF=.10 
Turn-off 
Vee 
X = .625 
.66W 
X = .625 
.39W 


during 
TB 
OF 
= .05 
O.F. = .05 
X = .375 


.45W 


X = .375 
.21W 


7. Reduce 
VeoL. 
VeOl 
= 3.0V 
VeOl 
= 2.4V 
Reduce 
OF, 
OF=.10 
.60W 
O.F. = .10 
.34W 
Turn-off 
Vee 
X = .625 
X = .625 
during 
TB 
VeOl = 3.0V 
VeOl 
= 2.75V 
OF 
= .05 
.32W 
O.F. = .05 
.20W 
X = .375 
X = .375 


where 
x = (_t_+_T_) 
t + T + TB 


Figure 25. Maximum and Typical Power Dissipation for the HDSP-2000/1/2/3 and HDSP-2300 Alphanumeric 
Displays 


Similarly, 
a typical 
power 
dissipation 
for 
a four 
character 
HDSP-2000 
display 
(n = 15, Veol 
=3.0V, 
D.F. = 17.5%, Vee = 


5.00V) 
can 
be calculated 
as: 


P(lee) 
= (45 mAl 
(5.00VI 


= 225 mW 
(171 


P(IREFI 
= 5 (73 mA - 
45 mAl 
(5.00VI 
(15/35) 
(0.175) 


= 52 mW 
(18\ 


P(ICOl) 
= 5 (335 mAl 
(3.0VI 
(15/35\ 
(0.175) 


= 377 mW 
(19) 


PDI 
= P(leel 
+ P(IREFI + P(leOL! 


=654 
mW 
(201 


Some 
typical 
power 
dissipations 
for other 
values 
of n, VeOl, 


D.F., 
Vee, 
are 
shown 
in Figure 
25. Note 
that 
at a D.F. 
of 
17.5%, 
which 
would 
be appropriate 
for a sunlight 
viewable 
application, 
the maximum 
power 
dissipation 
can be reduced 


to 
under 
1.0W, 
while 
the 
typical 
power 
dissipation 
can 
be 
reduced 
to 0.60W. 
In most 
indoor 
ambients, 
the D.F. can be 
reduced 
to 10% for standard 
red and 5% for GaP displays. 


Under 
these 
conditions 
the 
maximum 
power 
dissipation 
is 
0.72W or 0.52W and the typical 
power 
dissipation 
is 0.43W or 


0.34W. 
Thus, 
in power 
sensitive 
applications, 
GaP displays 
can be used to conserve 
power. 
Turning 
off Vee during 
the 
time 
the 
display 
is blanked 
can 
further 
reduce 
the 
power 


dissipation. 
In this 
manner 
the maximum 
power 
dissipation 
can be reduced 
.32W and the typical 
power 
dissipation 
can 
be reduced 
to 0.20W 
for the GaP displays. 


For 
operation 
at the 
maximum 
temperature 
of 85°C, 
it is 


important 
that 
the following 
criteria 
be met: 


a. TpIN~100°C 


where 
TPIN = temperature 
of hottest 
pin 


The thermal 
resistance 
IC junction 
to case, 
0Je, or IC junc- 
tion to pin, 0J-PIN, 
is shown 
in Table2. 
Using 
these factors, 
it 
is possible 
to determine 
the required 
heat sink 
power 
dissi- 


pation 
capability 
and associated 
power 
derating 
through 
the 
following 
equations: 


T. = 0.A 
PD + T A 


TJ=T.+0J.PD 


where 


Device 
0JC 
0J-P1N 


HDSP-2000 
Series 
20°CIW 
25°C/W 


HDSP-2300 
Series 
7.5°CIW 
lO°CIW 


HDSP-2490 
Series 
7.5°CIW 
13°CIW 


For example, 
given 
0PIN-A 
of 35° C/W 
an ambient 
tempera- 
ture 
of 
60°C, 
and 
the 
operating 
conditions 
shown 
in 
equations 
(131, (141, and (16) the TplN and TJ for the HDSP- 


2000 family 
can be calculated 
as shown 
below: 


TPIN 
= (35°C/W) 
(1.12WI 
+ 60°C 


= 99°C 


TJ 
= 99°C 
+ (25°C/WI 
(1.12W) 


= 99°C 
+ 28°C 


= 12JOC 


Heat 
sink 
design 
for the HDSP-2000 
family 
of displays 
can 


be accomplished 
in a variety 
of ways. 
For single 
line applica- 


tions, 
a maximum 
metalized 
printed 
circuit 
board 
such 
as 
shown 
in Figure 
26 can 
be used. 
For example, 
the 
HDSP- 


2416/-2424/-2432/-2440 
display 
boards 
consist 
of 16, 24, 32 


or 40 characters 
of HDSP-2000 
displays 
mounted 
on a max- 
imum 
metalized 
printed 
circuit 
board. 
The 
HDSP-2432 


printed 
circuit 
board 
is 2.3" x 6.4" and has a 0PIN-A of about 
45° C/W 
per 
package 
for 
a 1/2 ounce 
copper 
clad 
printed 
circuit. 
These 
display 
boards 
are designed 
for free air opera- 


tion of 55° C and operation 
to 70°C 
with 
forced 
air cooling 
of 
150 fpm 
normal 
to the 
rear 
side 
of the 
board, 
for 
displays 


operating 
at a PD of 1.00 watt 
or less. 


I 


HEAT 
SINK DESIGN 
FOR OPERATION 
ABOVE 
70 
0e 


A free air operating 
temperature 
of85°C 
can be achieved 
by 
heat sinking 
the display. 
Figure 
27 depicts 
a two 
part heat 
sink which 
can be assembled 
using two different 
extruded 
parts. 
In this design, 
the vertical 
fins promote 
heat transfer 
due to naturally 
induced 
convection. 
Care should 
be taken 
to insure 
a good 
thermal 
path between 
the two portions 
of 
the 
heat sink. 
To 
optimize 
power 
handling 
capability, 
the 
heat transfer 
contact 
area between 
the printed 
circuit 
board 
metallization 
and 
the 
heat 
sink 
should 
be maximized. 
A 
thermally 
conductive 
silicon 
rubber 
sheet 
can 
be used to 
insulate 
the printed 
circuit 
board. 
Heatsink 
assemblies 
sim- 
ilar to the one shown 
in Figure 27 typically 
exhibit 
a thermal 
resistance, 
0PIN-A, of 14° C/W per package for a32 character 
display. 


Copper 
or aluminum 
bars mounted 
underneath 
the displays 
can also 
be used 
to heatsink 
the display 
assembly. 
Heat 
generated 
within 
the 
displays 
is conducted 
through 
the 
ceramic 
substrate 
into 
the 
bar. The 
ends 
of the 
bar are 
mounted 
to a heatsink 
or to a metal front panel. The bar can 
be insulated 
from 
the 
pins 
of the display 
and the printed 
circuit 
board 
with 
a thermally 
conductive 
silicon 
rubber 
sheet. Figure 
28 shows 
a metal plate with slots milled 
in the 
plate for each row of displays 
such that each horizontal 
row 
of displays 
straddles 
a bar. 


A thermal 
resistance 
model for this heatsinking 
technique 
is 
shown 
in Figure 29. This model assumes 
that all heat gener- 
ated in the display 
is generated 
in the center of each display 


package 
and that the ends of the bar are connected 
to an 
ideal heatsink. 
Then the temperature 
rise of the centermost 
display 
in the bar can be calculated 
as shown 
below: 


Tc 
= 410/21 
PD + 30PD + 20PD + 0PD + TA 
=80PD+TA 
(25) 


THERMAL 
CONDUCTING 
COMPOUND 


THERMAL 
CONDUCTIVE 
SILICONE 
RUBBER 
SHEET 


(ELECTRICALLY 
INSULATING) 


DISPLAY 
BEZEL 
AND 
CONTRAST 
ENHANCEMENT 
Fil 
TEA 


PAINTED 
CIRCUIT 
BOARD 
UTILIZING 
LARGE 
METALIZATION 
PATTERN 


HEAT 
CONDUCTED 
FROM 
ENDS 
OF PLATE 
TO HEATSINK 
OR METAL 
PANEL 


a=WT 
0= ..!:.. 


K. 


For display 
strings 
of an even number 
of n displays. 
the case 
temperature 
of the center-most 
displays 
can be calculated 
as 


The effectiveness 
of this type of heatsink 
can be determined 
by calculating 
the thermal 
resistance 
of each section 
of bar 
under 
each display 


L 
0=- 


Ka 


where 


L = length 
of bar under 
each display. 
mm 
K = thermal 
conductivity 
of bar. W/mmo C (0.3937 W/mmoC 
for copper) 
a = cross 
sectional 
area of bar. mm2 


If the displays 
are mounted 
in a strip 
socket 
such 
as the 
Robinson 
Nugent 
SB-25-100-G 
socket. 
then the bar cross 
sectional 
area 
could 
be 6.35 
mm 
(0.25") 
thick 
times 
the 
row-to-row 
pin spacing 
of the display 
minus 2.54 mm (.10"). 
Thus. 
0 can be calculated 
as shown 
below: 


HDSP-2000 
Family 


17.8 mm 


0= 
(0.3937 W/mmoCI 
(6.35 mm) (5.08 mm) 


= 
1.40°C/W 
(281 


HDSP-2300 
Family 


20.3 mm 


0= 
(0.3937 W/mmoCI 
(6.35 mml 
(3.81 mml 


= 2.13°C/W 
(29) 


HDSP-2490 
Family 


35.6 mm 
(-)= -------------- 


(0.3937 W/mmoCI 
(6.35 mml 
(12.7 mml 


= 1.12°CIW 
(301 


The Tc and TJ can be calculated 
for a 32 character 
HOSP- 
2000 display 
with 
a copper 
bar mounted 
under 
the row of 
displays 
for an ambient 
temperature 
of 85° C and the operat- 
ing conditions 
shown 
in equations 
(131. (141. (151. and (161: 


Tc 
= 8 (1.40°C/WI 
(1.12WI + 85°C 
= 98°C 


Adding 
in the junction-to-case 
temperature 
rise as shown 
in 
equation 
(221. the TJ can be calculated 
as: 


TJ 
= 98°C + (20°C/WI 
(1.12W) 


= 98°C + 22°C 
= 120°C 
1321 


An important 
consideration 
regarding 
display 
intensity 
is the 
control 
of the intensity 
with 
respect 
to the ambient 
lighting 
level. In dim ambients. 
a very bright 
display 
will produce 
very 


rapid 
viewer 
fatigue. 
Conversely. 
in bright 
ambient 
situa- 
tions. 
a dim display 
will be difficult 
if not impossible 
to read 
and will also produce 
viewer fatigue 
and high error rates. For 
this 
reason. 
control 
of display 
intensity 
with 
respect 
to the 
environment 
ambient 
intensity 
is an important 
considera- 
tion. The HOSP-2000 
family 
of displays 
is ideally 
suited 
for 
wide ranges 
of ambient 
lighting 
since the intensity 
of these 
displays 
can be varied over a very wide dynamic 
range. The 
propagation 
delay between 
the VB input and the time that the 
LEOs 
turn 
on 
or 
off 
is under 
a microsecond. 
allowing 


dynamic 
variations 
of over 
2000 to 1 in display 
luminous 
intensity 
at a 100 Hz refresh 
rate. 


Figure 30 depicts 
a scheme 
which 
will automatically 
control 
display 
intensity 
over 
a range 
of 10 to 1 as a function 
of 


ambient 
intensity. 
This circuit 
utilizes 
a resettable 
monosta- 
ble multivibrator 
which 
is triggered 
by the column 
enable 
pulse. The duration 
of the multivibrator 
output 
is controlled 
by a photoconductor. 
At the end of a column 
enable 
pulse. 


the multivibrator 
is reset to insure that column 
current 
is off 


prior 
to the initiation 
of a new display 
shift 
register 
loading 


sequence. 
The 
output 
of this 
circuit 
is used to modulate 


either 
the 
VB inputs 
of 
the 
HOSP-2000 
displays 
or 
the 


column 
enable 
input 
circuitry. 
For maximum 
reduction 
in 


display 
power. 
both inputs 
should 
be modulated. 


In the 
circuit 
shown 
in Figure 
30. the 
photocell 
may 
be 


replaced 
by a 50K fl potentiometer 
to allow 
manual 
control 
of display 
intensity. 


Figure 31 shows 
a manually 
adjustable 
dimming 
circuit 
that 
provides 
a very wide rangeof 
display 
intensity. 
With a 100 Hz 
display 
refresh 
rate. a 4000 to 1 dynamic 
range 
of display 


intensity 
can be achieved. 
The IntersillCM7555 
timer is used 


as a retriggerable 
monostable 
multivibrator. 
The output 
of 


the timer is used to simultaneously 
pulse width 
modulate 
VB, 


the display 
column 
current. 
and the display 
supply 
current. 


Initially 
the 100 pF capacitor 
is held discharged 
by the timer. 


At the negative 
transition 
of the trigger 
input the timer would 
normally 
allow the capacitor 
to charge. 
however 
the 2N3906 


transistor 
keeps the capacitor 
discharged 
until 
the trigger 


input 
goes high. As soon as the trigger 
input 
goes high. the 


capacitor 
is charged 
by a constant 
cu rrent source 
formed 
by 


the 
RCA 
CA3084 
transistor 
array. 
As soon 
as the voltage 


across the capacitor 
reaches 
2/3 Vcc the output 
of the timer 


goes 
low. 
and 
the 
timer 
discharges 
the 
capacitor. 
The 


2N3906 transistor 
always discharges 
the capacitor 
when the 


trigger 
is low. therefore 
the output 
of the timer 
stays high 
if 


the voltage 
across 
the capacitor 
never reaches 
2/3 Vcc. 
For 
the values shown. 
t can be varied exponentially 
from 
.5 /lS to 


about 
1900 /lS. Since 01 and 02 are monolithic 
transistors. 
t 
is relatively 
independent 
of temperature. 


I 
LLT 


t 


FOR 
DECREASING 


AMBIENT 
ILLUMINATION 


10iCA3084 


I 


leM 
7555 
OUTPUT 
l8 


Figure 31 also shows 
a circuit 
to switch 
Vee of the displays 
off during 
the time 
that the display 
is blanked. 
When 
the 
2N2219A 
transistor 
is off, the LM350 
provides 
a regulated 
3A 5V output. 
However, 
when 
the 2N2219A 
transistor 
is 
turned 
on, the output 
of the LM350 regulator 
is reduced 
to 
1.2V. This reduces 
Ice to under 
10 mA per display. 
Capaci- 
tive loading 
of the regulator 
should 
be minimized 
as much as 
possible 
to maximize 
the switching 
speed. 


The 
luminous 
intensity 
and dominant 
wavelength 
of LED 
displays 
can vary over a wide 
range. 
If there 
is too great a 
difference 
between 
the 
luminous 
intensity 
or 
dominant 
wavelength 
of adjacent 
characters 
in the display 
string, 
the 
display 
will appear 
objectionable 
to the viewer. To solve the 
problem, 
all HDSP-2000 
displays 
are categorized 
for lumi- 
nous 
intensity. 
The 
category 
of each 
display 
package 
is 
indicated 
by a letter preceding 
the date code on the package. 
When assembling 
display 
strings. 
all packages 
in the string 
should 
have the same 
intensity 
category. 
This 
will 
insure 
satisfactory 
intensity 
matching 
of the characters. 
All HDSP- 
2000 family displays 
are categorized 
in overlapping 
intensity 
categories. 
All characters 
of all packages 
designated 
to be 


within 
a given letter category 
will fall within 
an intensity 
ratio 


of 
less than 
2:1. For dot 
matrix 
displays, 
a character-to- 
character 
intensity 
ratio of 2:1 is not generally 
discernable 
to 
the human 
eye. 


Since the human 
eye is very sensitive 
to variations 
in domi- 
nant wavelength 
in the yellow 
and green 
region, 
all yellow 
and green 
HDSP-2000 
family 
displays 
are also categorized 
for dominant 
wavelength. 
The dominant 
wavelength 
bin for 
each display 
package 
is indicated 
by a number 
code follow- 
ing the category 
letter code on the back of the package. 
The 
dominant 
wavelength 
bins are 3.5 nm wide for yellow 
and 4.0 
nm wide for green. 
These 
dominant 
wavelength 
variations 
are generally 
not discernable 
by the human 
eye. 
CONTRAST ENHANCEMENT 


Another 
important 
consideration 
for 
optimum 
display 
appearance 
and readability 
is the contrast 
between 
the dis- 
play "ON" 
elements 
and the background. 
High contrast 
can 
be achieved 
by placing 
a filter over the display. 
The filter, 
if 
properly 
chosen, 
will 
transmit 
the 
luminance 
of the 
light 
emitting 
elements 
while 
attenuating 
the luminance 
of the 
background. 


Filter 
choice 
is dependent 
upon 
the LED display 
package, 


ambient 
lighting 
conditions 
and 
the 
desired 
front 
panel 
appearance. 
For alphanumeric 
displays 
in indoor 
lighting 
ambients 
a plastic 
or glass wavelength 
filter can be used. In 
sunlight 
ambients 
a neutral 
density 
circular 
polarizer 
sand- 
wiched 
between 
two 
pieces 
of optically 
coated 
glass 
is 
recommended. 
Figure 
32 lists the filter 
materials 
recom- 
mended 
for 
each 
particular 
display 
color. 
For 
further 
information 
please see Application 
Note 
1015 on Contrast 
Enhancement 
for LED Displays. 


Display 
Ambient 
Lighting 


Color 
Dim 
Moderate 
Bright 


HDSP-2XXO 
Homalite 
Homalite 
Standard 
H100-1650 
H100-1266 
Red 
3M Panel Film 
Gray 
R6510 
H100-1250 
Panelgraphic 
Gray 
Dark Red 63 
H100-1230 
Ruby Red 60 
Bronze 
Chequers Red 
Rohm & Haas 
118 
2074 Gray 
Rohm & Haas 
2370 Bronze 
2423 


HDSP-2XX1 
Homalite 
Polaroid 


(Yellow) 
H100-1726 
HNCP37 
H100-1720 
3M Light 
3M Panel Film 
Control Film 
A5910 
NOO220 
Panelgraphic 
Panelgraphic 
Yellow 27 
Gray 15 
Amber 23 
Gray 10 
Chequers 
Chequers 
Amber 107 
Gray 105 


HDSP-2XX2 
Homatite 
Polaroid 


(HER) 
H100-1670 
HNCP10 
3M Panel Film 
R6310 
Panelgraphic 
Scarlet Red 
65 
Chequers Red 
112 


HDSP-2XX3 
Homalite 


(HP Green) 
H100-1440 
H100-1425 
Panelgraphic 
Green 48 
Chequers 
Green 107 
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HEWLETT 
PACKARD 
APPLICATION NOTE 1017 


LED Solid State Reliability 


INTRODUCTION 
The light emitting diode display technology offers many 
attractive features. Among them are ability to display infor- 
mation in red, yellow, green, or any combination of these 
colors; high performance devices readable in direct sunlight; 
and continuously variable intensity adjustment. One of the 
most common reasons that LED displays are designed into 
an application, however, is the high level of reliability of the 
LED display. Hewlett-Packard has taken a leadership role in 
setting reliability standards for LED displays and document- 
ing reliability performance. 


Reliability data is instrumental in choosing a device package 
and optimizing the performance of that device. This applica- 
tion note explains how to use the reliabilty data sheets 
published for Hewlett-Packard LED indicators and displays. 
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The note begins with a description of LED indicator and 
display packages. Devicefailures are defined and explained. 
The parameters affecting useful life failure rate and mechan- 
ical test performance are discussed. As an example, the 
reliability of an LED display system is calculated. 


HP Indicator 
and Display 
Packages 
Hewlett-Packard has a wide variety of indicator and display 
components. Indicator products include solid state lamps, 
light bar annunciators, and bar graph arrays. Display pro- 
ducts include numeric and alphanumeric devices. 


Many LED devices havesimilar packaging and construction. 
T-1 3/4, T-1, rectangular, and subminiature LED lamps are 
epoxy encapsulated packages. Construction features of the 
T-1 3/4 lamp are illustrated in Figure 1. Hermetic LED lamps 
are air-gap devices, assembled in a T0-46 package. 


Large seven segment numeric displays, light bars, and bar 
graph arrays are called stretched-segment packages. These 
devices are manufactured using the concept of stretching 
the light from an LED by diffusion and reflection. The LED 
chips are mechanically 
supported and electrically 
con- 
nected by a lead frame. The plastic housing, called a 
"scrambler", contains reflective cavities which act as light 
pipes. These cavities are filled with a diffusant loaded epoxy 
to provide uniform illumination at the emitting surface. Fig- 
ure 2 illustrates the construction of a bar graph array. 


LIGHT 
DIFFUSING 
CAVITY 
CONTRAST 
ENHANCEMENT 
GRAY 
TOP 
SURFACE 


SECONDARY 
CYLINDRICAL 
LENS 


PRIMARY 
ASPHERIC 
LENS 


HIGH 
TEMPERATURE 
PRINTED 
CIRCUIT 
LAMINATES 


Monolithic displays include bargraph, numeric, and alpha- 
numeric devices. Individual light emitting segments are 
formed by diffusing separate LED junctions into a single 
chip. In most cases, the monolithic display is magnified by 
an external lens. Monolithic displays can be classified into 
two basic categories according to whether the lens is of the 
immersion or non-immersion type. Immersion lenses are 
formed by molding an epoxy lens directly over the LEDchip. 
Non-immersion lenses have a layer of air between the LED 
chip and the separately cast epoxy lens. Construction fea- 
tures of a monolithic display with non-immersion lens is 
shown in Figure 3. 
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Hewlett-Packard's dot matrix numeric displays havea modi- 
fied 4x7 dot matrix font. This font allows both decimal 
numeric and hexadecimal devices. These devicesfeature an 
on-board integrated circuit (OBIC) which functions as a 
latch/decoder/driver. Construction features of the hermetic 
dot matrix numeric device are shown in Figure 4. In addition 
to the hermetic package, epoxy sealed and epoxy encapsu- 
lated packages are available for the dot matrix numeric 
displays. 
The dot matrix alphanumeric display was designed by 
Hewlett-Packard to provide a high resolution information 
display subsystem. Each character of the four character 
package consists of a 5x7 array of LEOswhich can display a 
full range of alphanumeric characters and other symbols 
(see Figure 5). Hewlett-Packard dot matrix alphanumeric 
displays provide on-board storage of decoded data plus 
constant current sinking drivers for each of the 28rows in the 
four character display. These hermetic and epoxy sealed 
displays haveconstruction features similar to the dot matrix 
numeric devices. 
• 


Figure 5. HDSP-2450 Series of Hermetic, Extended Temperature 
Range 5x7 Alphanumeric 
Displays 


LED FAILURE 
RATE CHARACTERISTICS 
Failure is defined as termination of the capability to perform 
intended functions. An understanding of how LED displays 
fail is essential to improving the reliability of the displays as 
well as that of the systems in which they are used. 


LED devices can experience either parametric or catastro- 
phic failure modes. A parametric failure occurs when the 
device fails to meet data sheet electrical or optical specifica- 
tions. A parametric failure will not generally cause display 
system failure with typical drive circuits. Intensity degrada- 
tion is an example of a parametric failure mode and is 
discussed later in this application note. 


Catastrophic failures are defined as parameters exceeding 
data sheet limits to a degree which would cause display 
system failure. Catastrophic failures in lamps, stretched 
segment, and monolithic displays result in dim or unlit LEOs. 
The cause orfailure mechanism for dim or unlit LEOscan be 
defective wire bonds, lifted LED die, cracked, or chipped 
LEOs. Failure mechanisms 
in dot matrix displays also 
include IC failures which result in incorrect font or input! 
output lines which do not meet electrical specifications. 


Failure rate can be defined as the percent device failures per 
unit time of operation. Mean time between failure, MTBF, is 
simply the reciprocal of failure rate and is expressed in 
hours. Operating life of an LED display can be divided into 
three time periods each with a characteristic failure rate. 
Figure 6 shows the burn-in period, useful life period, and 
wearout period of operating life. During the burn-in or infant 
mortality period, failure rate decreases as weak components 
fall out. 
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During the useful life period which follows, failures occur at 
a low, constant rate. The failures that do occur are truly 
random and cannot be prevented by additional testing or 
burn-in of the components. Figure 7 presents useful life 
failure 
rates representative 
of LED lamps, stretched 
segment, monolithic, dot matrix numeric, and dot matrix 
alphanumeric displays. The format of Figure 7 is identical to 
the "Life Test" section of Hewlett-Packard's Reliability Data 
Sheets. The test conditions represent maximum allowable 
stress in order to generate worst-case failure rates. Total 
hours tested is the product of units tested times test hours/ 
unit. The point failure rate is simply the number of failures 
divided by the total device hours. Units for failure rate are 
percent failures per 1000 hours of operation. If no failures 
occur during testing, the point failure rate is calculated 
assuming one failure. 


Point 
90% Confidence 


Failure 
Failure 
Test 
Units 
Total 
Rate 
Rate 


Device 
Description 
Conditlons!l] 
Tested 
Hours 
Failed 
% per 1K HrsJ21 
% per 1K HrsJ21 


HLMP-3750 
Lamp 
TA = 55°C 
16,270 
17,275,630 
1 
0.006 
0.023 
IF= Max. 


HDSP-4830 
10 Element 
TA= 55°C 
410 
2,080,856 
0 
0.048 
0.111 
Bar graph 
IF= Max. 
All Seg. On 


HDSP-6508 
Monolithic 
TA = 55°C 
223 
884,000 
0 
0.113 
0.260 
Alphanumeric 
IF = Max. 


8 Character 
Pavg= 123 mW 
Display 
Char 


4N51 
Dot- 
TA = 100°C 
576 
806,000 
0 
0.124 
0.285 
Matrix 
Numeric Cycle 
Numeric 
Vcc = 5.0V 


HDSP-2000 
Dot- 
TA= 70°C 
360 
870,000 
3 
0.345 
0.768 
Matrix 
Vcc = Vb = 5.25V 
Alphanumeric 
Vcal= 3.5V 
Four Character 
Pavg= 210 mW 
Display 
Char 


NOTES: 
1. TA is ambient temperatureduring testing. IF is the averageforward current per LED.Vcc is the supply voltage.5.25Vis maximum 
recommendedblanking input voltage.Vb.3.5Vis maximumrecommendedcolumn voltage,Veal. 
2. Failurerate per package. 


Reliability data sheets specify 90% confidence level failure 
rate in addition to point failure rate. LED displays like other 
semiconductor devices haveextremely low failure ratesdur- 
ing useful life. As a result, very few device failures are 
experienced during reliability testing. Statistics tell us that 
the more device failures that can be generated during relia- 
bility testing, the closer the experimental failure rate istothe 
true device population average failure rate. For instance, if 
no device failures are generated during reliability testing, the 
true device failure rate may be very different than the point 
failure rate. The 90% confidence level failure rate means 
there is a 90% probability that the actual failure rate of a 
device will be better than the stated value. Hence, the 90% 
confidence level failure rate gives more confidence in relia- 
bility calculations 
than the point failure rate. The 90% 
confidence level failure rate is based on the statistics of the 
distribution of failures. The assumed distribution of failures 
is exponential versus time. This particular distribution 
is 


commonly 
used in describing useful life failures in LED 


devices and other semiconductor components. 


Figure 7 illustrates that failure rate is related to package 
design and package complexity. Of the epoxy encapsulated 
devices, the 10 element bargraphs have a point failure rate 
that is about an order of magnitude larger than LED lamps. 
However, the HDSP-4830 10element bar graph array has 10 
times as many LED die as the HLMP-3750 lamp. The 8 
character HDSP-6508 air-gap package has a comparable 
failure rate to the epoxy encapsulated HDSP-4830 though 
the HDSP-6508 has 144wire bonds and the HDSP-4830has 
10 wire bonds. The construction of the 4N51 and HDSP- 
2000displays yields an impressive useful life failure ratewith 
a comparatively large number of LED die percharacter. Note 
that the 4N51 is a single character device while the HDSP- 
2000 is a four character package. 


FAILURE 
RATE PREDICTION 


To obtain useful life failure rates in a reasonable amount of 
time, a higher-than-normal 
stress is applied to a sample 


quantity of devices known to represent the device popula- 
tion. This is known as accelerated life testing. The most 
common stress factor used is temperature. Failure rate pre- 
diction is the estimation of normal operating temperature 
failure rates based on maximum operating temperature fail- 
ure rate. 


The Arrhenius Model is an experimentally proven mathemat- 
ical expression 
for failure 
rate prediction. 
The model 


includes the effect of temperature and the activation energy 
of a failure mechanism, permitting it to be used to predict 


failure rates at normal operating temperatures based on 
tests 
performed 
at 
above-normal 
device 
junction 
temperatures: 


where Al = failure rate at junction temperature T1 
A2= failure rate at junction temperature T2 
T = junction temperature in ° K 
E = thermal activation energy in electron volts (eV) 
K = Boltzman's constant (8.617x 10-5 eV/oK) 


Recall that ° K = ° C + 273 


Application of the Arrhenius Model requires calculation of 
device junction temperature both for the reliability test and 
for the actual field operating 
conditions. 
LED junction 
temperature is a function of ambient temperature, power 
dissipated in the junction, and thermal resistance: 


T = TA+ Po (RIJJ-A) 


where T = LED junction temperature in ° C 
TA= ambient temperature in ° C 
Po = power dissipated in LED junction in watts 
RIJJ-A= thermal resistance junction-to-ambient 
in 


°C/W. 


Activation 
energy 
is a constant 
which 
defines 
the 
dependence of failure rate on junction temperature for a 
failure mechanism. Several failure mechanisms exist for 
LED indicators and displays. Failure rate predictions on 
Hewlett-Packard's reliability data sheets are conservatively 
based on a failure mechanism with small activation energy. 
Using 
the 
smallest 
activation 
energy 
for 
failure 
rate 
prediction 
brings about the largest failure rates at any 
junction 
temperature 
below 
the 
tested 
condition. 
Interconnection failure mechanisms, such as defective wire 
bonds, have the smallest activation energy of typical LED 
device failure mechanisms. MIL-HDBK-217C specifies an 
activation 
energy of 0.43eV for 
interconnection 
failure 
mechanisms in hybrid microelectronics. A 0.43eVactivation 
energy 
is used for failure 
rate prediction 
in Hewlett- 
Packard's reliability data sheets for indicators and displays. 


Figure8 shows the predicted improvement in failure rateand 
MTBF that can be realized by reducing the junction tempera- 
ture of the 4N51 series of displays. The failure rate and the 
MTBF improve by over an order of magnitude as ambient 
temperature is reduced from 100°C to 30°C. 


Point 


Ambient 
Junction 
Failure Ratel 
Temperature 
- ° C 
Temperature· 
° C 
MTBF 
- Hours 
1K Hours 
Operation 


100 
130 
806,000 
0.124% 
90 
120 
1,108,000 
0.090% 


80 
110 
1,549,000 
0.065% 
70 
100 
2,205,000 
0.045% 


60 
90 
3,200,000 
0.031% 
50 
80 
4,745,000 
0.021% 
40 
70 
7,199,000 
0.014% 


30 
60 
11,201,000 
0.009% • 


JV"VUV' 
'-'U-"d~" 
~IUS case-to-ambient 
thermal resistance. 
Junction-to-case 
thermal resistance is defined by the dis- 
play package design and is specified 
on the device data 
sheet. The display system designer, however, has control 
over case-to-ambient 
thermal resistance. For devices such 
as lamps, stretched-segment, 
and monolithic 
devices, the 
primary thermal path from the LED junction 
is through the 
device cathode leads. PrOViding a maximum printed circuit 
board trace width to the cathode lead is one way to reduce 
thermal resistance in these devices. Heat-sinking 
the sub- 
strate of dot matrix devices is a technique that will improve 
their reliability. 


DISPLAY 
SYSTEM 
RELIABILITY 
Reliability 
is defined 
as the probability 
that a device will 
perform its intended function 
for a specified period of time 
under stated conditions. When failure rate remains constant, 
as in the useful life period, display system reliability may be 
predicted by the exponential distribution: 


R = e-t(A1 + A2 + A3 + ... ) 


where 
R = reliability or probability 
of survival 
t = mission time or actual utilization time[1] 
Ai = component 
(i) useful life failure rate 


As an example, the useful life reliability 
of the LED display 
system in Figure 9 will be calculated.This 
eight digit numeric 
display 
uses Hewlett-Packard's 
4N51 series of dot matrix 
displays. The on-board-integrated-circuitry 
on these devi- 
ces minimizes display system component count. On-board 
circuitry 
includes a latch, a BCD to dot matrix decoder, and 
LED drivers. 


t = r ~) 
r v U"YS) (O<! WeekS) (5 years) 


\ 
day 
\ week 
\ 
year 


Let us also assume that the display system will be used in 
ambient temperature of 55°C. The next step is to calculate 
the sum of the individual 
component 
failure 
rates. From 
Figure 8 the point failure rate for each of the 4N51 series 
displays 
is 0.026% per 1000 hours of operation 
at 55°C 
ambient. 
Point 
failure 
rate 
for 
each 
of 
the 
LSTTL 
components 
is .007% per 1000 hours of operation.12J Point 
failure rate forthe microcomputer 
is .043% per 1000 hours of 
operation.13) The sum of individual component 
failure rates, 


Atotalis then: 


Alolal= (.043%/1 K hrs.) +2(.007%/1 K hrs.) +8(.026%/1 K hrs) 


Alotal= .265%/1K hrs. 


The probability 
of survival of the 8 digit LED display system 
is then: 


[llMission time cannot exceed the useful life of any component 
when calculating system reliabilty. 
1211981cumulative data for LSTTL components from Texas 
Instruments. A .43eV activation energy is assumed. 
(3lDatataken from Intel reliability report RR-25,December,1979. 
A .3 eV activation energy Is assumed. 
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INTENSITY 
DEGRADATION 
Intensity degradation is a long term wearout mechanism in 
LED displays. Hewlett-Packard defines a 50% reduction in 
intensity as a parametric failure mode. A 50% change in 
intensity is one that the human eye can easily recognize. 
Figure 10 presents normalized luminous intensity vs. stress 
time for red LED displays. Figure 10 represents averaged 
data becausethe rate of intensity degradation is not identical 
for all LEOs.The logarithmic stress time axis impiies that the 
rate of intensity degradation decreases as time increases. 
Even curve 0, which represents operation at 200%of maxi- 
mum ratings, does not bring about noticeable degradation 
after 10.000hours stress time. Curves A and B indicate that 
increased current density results in more rapid degradation. 
Curves Band C indicate that junction temperature has little 
effect on rate of degradation. Curve C represents degrada- 
tion at absolute maximum drive levels. Curves A through 0 
are for direct drive of LEOs. Strobed operation brings about 
approximately equal rates of degradation for equal average 
currents. When Hewlett-Packard displays are driven at max- 
imum rated current. the rate of high efficiency red and green 
degradation is about the same as the rate of red. Yellow 
degradation is about two times the rate of red. 


A: 20 mA, 25°C 
B: 50 mA. 25°C 
c: 50 mA. sooe 
0: 100 mA, 85°C 


MECHANICAL 
AND ENVIRONMENTAL 
TESTS 


Reliability 
data 
sheets for 
Hewlett-Packard's 
standard 


products 
include 
life test data, failure 
rate prediction. 
mechanical. and environmental test performance. Tests are 
performed in accordance with the latest revisions of MIL- 
STD-750 and MIL-STD-883. Mechanical and environmental 
test data for the Hewlett-Packard 5082-7350 dot matrix 
numeric display is given in Figure 11. The 5082-7350 is an 
epoxy sealed. air-gap package. 


Mechanical tests are performed to insure package integrity. 
Solderability determines the ability of the device to be sol- 
dered via conventional 
techniques. With no preparatory 


cleaning the device leads are immersed in flux for 5 to 10 
seconds. then into molten solder which has been stabilized 
to 260° C. After immersion in a solder bath for the specified 
time and cooling for 5 minutes. devices are examined using 
10X magnification. Pinholes and voids must not be concen- 
trated in one area and must not exceed 10%of the total area. 


MIL-STD-883 
Units 
Total 


Test 
Reference 
Test Conditions 
Tested 
Failed 


Solderability 
2003 
Sn 60, Pb 40 Solder at 260°C for 5 sec. 
25 
0 


Temperature 
1010 
500 cyc., -55 to 100°C 
45 
0 


Cycling 
electrical & leak failures 


Thermal 
1011 
50 cycles, 0 to 100°C, 3 sec transfer 
25 
0 


Shock 


Moisture 
1004 
10 days, 90-98% RH, 
25 
0 


Resistance 
-10 to 65° C, non-op 


Shock 
2002 
5 blows each X1. Y1. Z1 axis 
25 
0 


1500g .5 msec. 


Vibration, 
2007 
3. 4 min cycles each X, Y. Z aXISat 20g min 
25 
0 


Variable 
20 to 2000 Hz 


Frequency 


Constant 
2001 
20,000 g's, Y1 axis. 1 minute 
25 
0 
Acceleration 
Terminal 
2004 
Condition B2, 3 bends> 15° 
25 
0 


Strength 


Salt 
1009 
35° C fog for 24 hours 
25 
0 


Atmosphere 


Electrostatic 
3015 
5 discharges each pin 
5 
0 


Discharge 
1000V. soon, 300 pF 
• 


Temperature 
cycling 
tests are performed 
to define 
a ther- 
momechanical 
life. 
Various 
parts 
of 
the 
optoelectronic 
device 
are in contact 
such 
as the substrate, 
LED die, and 
bond wires. 
If coefficients 
of thermal 
expansion 
are not well 
matched, 
temperature 
changes 
are accompanied 
by physi- 
cal strain. The magnitude 
of the physical 
strain increases 
as 
the 
magnitude 
of 
the 
temperature 
excursion 
increases. 
Probability 
of failure 
increases 
with the number 
of tempera- 
ture 
cycles. 
Seven 
segment 
displays 
have 
less than 
1% 
failure 
after 500 cycles 
from -40 to +85° C. Air-gap 
packages 
such as the 5082-7350 
offer 
improved 
temperature 
cycling 
performance 
over 
epoxy 
encapsulated 
displays. 
With 
no 
encapsulant 
epoxy, 
there 
is less physical 
strain 
on wire 
bonds 
and die attachments. 


The 
thermal 
shock 
test 
exposes 
devices 
to 
alternate 
extremes 
in temperature. 
Parts are transfered 
from liquid at 
O°C to liquid 
at 100°C. 
Airgap 
packages 
can withstand 
a 
larger 
number 
of thermal 
shocks 
than epoxy 
encapsulated 
devices. 


If the device 
package 
material 
is not impervious 
to the diffu- 
sion of water vapor, long term exposure 
to high humidity 
will 
eventually 
subject 
the 
active 
elements 
to 
high 
humidity. 


Humidity 
can 
lead to failure 
from 
corrosion 
of the active 
elements 
or from 
increased 
surface 
leakage 
currents. 
The 
moisture 
resistance 
test achieves 
accelerated 
effectiveness 
through 
temperature 
cycling. 
Temperature 
cycling 
provides 
alternate 
periods 
of condensation 
and drying 
which 
accel- 
erate the development 
of corrosive 
processes. 


Hermetic 
LED displays 
are packaged 
using a glass to metal 
or glass to ceramic 
seal. These products 
are impervious 
to 
moisture 
and meet hermeticity 
testing 
to prescribed 
levels. 


In addition, 
Hewlett-Packard 
makes displays 
which 
have an 
epoxy 
seal such as the 5082-7350 
and the dot matrix 
alpha- 
numeric 
displays. 
These displays 
are also capable 
of pass- 
ing fine and gross leak hermeticity 
tests. 


The shock test determines 
the ability 
of LED components 
to 
withstand 
shock 
of the same severity 
as that produced 
by 
cOllision 
impacts, 
near-miss 
gunfire, 
or underwater 
explo- 


sions. A 1500 G shock 
would 
be approximately 
equal to the 
shock that a device would 
experience 
if it were mounted 
to a 
rigid, 40 pound 
enclosure 
and dropped 
from three feet onto 
a concrete 
floor. 


Vibration 
and 
acceleration 
tests 
expose 
parts 
to the 
pre- 
dominant 
frequency 
ranges 
and 
magnitudes 
that 
may be 
encountered 
during 
field service. 


In addition 
to 
standard 
LED 
display 
products, 
Hewlett- 
Packard 
offers 
a 
high-reliability 
product 
line. 
Special 
electrical 
and mechanical 
testing 
is performed 
on standard 
Hewleti-Packard 
displays 
to comply 
with the requirements 
of 
the 
U.S. 
Military 
qualified 
parts 
list, 
Hewlett-Packard 
defined 
specifications, 
or customer 
defined 
specifications. 
The special 
testing 
can be performed 
on a lot qualification 
basis, 100% screen, or a combination 
of lot qualification 
and 
100% screen. 
Based 
on estimates 
in MIL-HBDK-217C, 
lot 
qualification 
testing 
can improve 
useful 
life failure 
rates by 
as much 
as five-fold. 
One 
hundred 
percent 
screening 
is 
designed 
to eliminate 
infant failures. 


Display 
components 
can have significant 
impact 
on the reli- 
ability 
of 
an 
electronic 
system. 
System 
reliability 
is a 
function 
of the sum of individual 
component 
failure 
rates. It 


takes a combination 
of good design, 
quality 
pieceparts, 
and 
tightly 
controlled 
production 
processes 
to yield reliable 
dis- 
play components. 
Components 
which 
appear 
to have the 
same design 
may have very different 
mechanical 
and operat- 
ing life 
performance 
characteristics. 
Hewlett-Packard 
has 
reliability 
data sheets available 
for indicator 
and display 
pro- 
ducts 
from your 
local field sales office. 
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Designing with the HCPL-4100 and 


HCPL-4200 Current Loop Optocouplers 


PREFACE 
Hewlett-Packard 
produces 
a comprehensive 
line of opto- 


couplers 
which 
address 
different 
speed 
and current 
gain 
requirements 
for isolation 
interface 
circuits. 
New Hewlett- 
Packard 
optocoupler 
products 
build 
on 
the 
established 
base 
of optocoupler 
technology 
and 
expand 
with 
addi- 


tional 
features 
that 
make 
optocouplers 
easier 
to 
use in 
special 
applications. 
The HCPL-4100 
(transmitter) 
and the 
HCPL-4200 
(receiver) 
optocouplers 
include 
specialized 
circuits 
for 20 mA digital 
current 
loop applications. 
These 
optocouplers 
are designed 
to easily interface 
TTL, LSTTL, 


and 
CMOS 
logic 
systems 
to 
current 
loop 
systems. 
An 
external 
current 
source 
is needed 
to complete 
the current 
loop system. 


This application 
note will assist the circuit 
design engineer 
to achieve 
maximum 
performance 
from 
Hewlett-Packard 
HCPL-4100 
and 
HCPL-4200 
current 
loop 
optocouplers. 


Practical 
applications 
for interfacing 
to and from a current 
loop 
will 
be shown. 
In addition, 
overall 
current 
loop 
sys- 
tem aspects 
and current 
source 
designs 
will be discussed. 


Potential 
applications 
of 
current 
loops, 
configurations, 


types 
of current 
sources, 
and inherent 
tradeoffs 
between 


data rate and length 
of wire line are covered. 


INTRODUCTION 
Data 
transmission 
between 
electronic 
equipment, 
which 
are physically 
separated 
by distances 
of more than a few 
feet, can be accomplished 
in many ways. Wire links, 
mic- 
rowave 
links, 
and 
fiber 
optic 
links 
are among 
the 
most 


common 
means. 
Each technology 
has inherent 
trade-offs 
in data 
rate, error 
rate, 
simplicity 
of 
use, 
reliability 
and 
cost. 
Of the wire techniques, 
a signal 
can be transmitted 
as a voltage 
signal 
or 
a current 
signal. 
Many 
popular 
industry 
standards 
exist 
for 
voltage 
signal 
transmission, 
such 
as 
RS-232-C, 
RS-422, 
RS-423 
(serial 
data 
trans- 


mission), or IEEE-488 (parallel data transmission), 
etc. When 


compared 
to these voltage signal techniques, 
a current 
sig- 
nal or current 
loop can provide an excellent 
alternative. 


First, some basic definitions 
are in order. A current 
loop is 
a loop which 
carries 
a current, 
generally 
20 mA or 60 mA, 


between 
electronic 
equipment 
via a twisted 
pair of wires. 


The 
loop 
can 
be 
opened 
and 
closed 
by 
a transmitter 


within 
equipment 
connected 
to the Joop. These 
interrup- 
tions of current 
are sensed by other equipment 
connected 


to the current 
loop 
(receiver). 
The convention 
used in this 
application 
note for a MARK, 
or logic 
1, corresponds 
to a 
presence 
of loop 
current, 
e.g., 20 mA. A SPACE, 
or logic 
0, corresponds 
to an absence 
of loop 
current, 
e.g., 0 mA. 


A current 
loop transmitter 
or receiver 
can be either 
of two 


types: 
active (source) 
or passive (sink). An active transmit- 


ter supplies 
current 
to the 
loop. 
Any 
receivers 
or other 


transmitters 
within 
that 
loop 
must 
then 
be passive 
units 
which 
accept 
the supplied 
loop 
current. 
Alternatively, 
an 
active 
receiver 
supplies 
current 
to passive transmitters 
or 
other passive receivers 
in the current 
loop. 


Current 
sources 
used within 
a current 
loop 
vary 
in com- 


plexity. 
The 
simplest 
current 
source 
is 
a 
resistor 
and 
voltage 
source. 
More complex 
current 
sources 
will contain 
active 
elements 
or special 
integrated 
circuits 
to 
provide 
constant 
current 
under 
various 
power 
supply 
and 
load 
conditions. 
The compliance 
voltage 
of a current 
source 
is 
a term 
which 
is used to indicate 
at what level the current 
decreases 
to zero. 


There 
are no widely 
accepted 
industry 
standards 
for cur- 
rent 
loops, 
only 
accepted 
conventions. 
Common 
digital 
current 
loops 
are 0-20 mA and 0-60 mA, while 
the analog 


current 
loop is 4-20 mA. These levels were originally 
asso- 
ciated 
with 
digital 
teleprinter 
equipment 
and 
analog 


industrial 
sensors 
such 
as thermocouples, 
strain 
gauges, 
etc. 
The 
HCPL-4100 
and 
HCPL-4200 
optocouplers 
ad- 
dress only the 20 mA digital 
current 
loop applications. 


Basic Advantages 
of Current 
Loops 
In voltage 
based transmission 
lines, a voltage 
signal 
atten- 


uates 
over 
distance. 
A 
current 
loop 
design 
ensures 
• 


constant 
current 
through 
the loop 
resulting 
in no signal 
.-.." 
attenuation. 
Noise 
immunity 
is higher 
with 
current 
loop 
systems. 
A constant 
current 
maintains 
a high 
signal-to- 
coupled 
noise ratio. The voltage signal attenuation 
reduces 
this ratio. 


Even 
with 
expensive, 
low 
capacitance 
cable, 
RS-232-C 
wire communication 
over distances 
greater than 60 m (200 
fU 
at 20 kBd is impractical. 
RS-232-C 
wire distances 
are 
severely 
limited 
when 
compared 
to current 
loop distances 
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compliance 
voltage 
is available. 
Unlike 
voltage 
techniques, 
if a fault 
should 
open 
the 
loop, 
per- 
manent 
loop current 
disruption 
could 
be sensed. 


Optocouplers 
can 
be used 
in current 
loops 
to 
provide 
optical 
isolation 
of the logic circuits 
from the current 
loop 
circuit. 
This optical 
isolation 
prevents 
ground 
potential 
dif- 
ferences 
or common 
mode 
influences 
from 
affecting 
the 
current 
loop 
performance. 
Optocoupler 
construction 
and 
sophisticated 
integrated 
circuit 
processing 
achieve 
excel- 
lent 
common 
mode 
rejection 
(10 
kV/!'sl. 
Electrical 
independence 
between 
input 
and 
output 
circuits 
of 
an 
optocoupler 
permit 
different 
reference 
grounds 
on either 
side of the interface. 


The maximum 
data rate of a 20 mA current 
loop system 
is 
determined 
by the characteristics 
of the transmitter 
and 
receiver 
and 
the 
length 
and 
characteristics 
of the trans- 
mission 
line. For short 
transmission 
lines, less than 40 m 


(131 ft.!, the maximum 
data rate is approximately 
120 kBd 
for 
the 
HCPL-4100 
and 
approximately 
4.5 
MBd 
for 
the 
HCPL-4200. 


The small eight pin dual-in-line 
plastic 
package 
results in a 
savings of printed 
circuit 
board space. Standard 
automatic 
insertion 
equipment 
can be used. 


The easy design 
and implementation 
of a 20 mA current 
loop 
using 
the HCPL-4100 
and HCPL-4200 
permits 
rapid 
design, 
fabrication, 
and testing. 


CURRENT 
LOOP APPLICATIONS 
Current 
loops 
are used 
because 
they 
offer 
communica- 
tions 
link 
lengths 
up to 
10 km, 
have 
high 
immunity 
to 
errors 
caused 
by noise, and are low cost. Previous 
20 mA 
current 
loop 
designs 
were 
often 
limited 
to 
5 or 
10 kBd 
speeds even for short Iine lengths. 
Hewlett-Packard 
20 mA 
current 
loop 
transmitters 
and receivers 
are capable 
of 20 
kBd at 400 metres. 


In the industrial 
control 
industry, 
current 
loops 
are used 
when 
there 
is a need to communicate 
digital 
information. 


Because 
of 
the 
proliferation 
of the 
microprocessor 
and 
advances 
in digital 
circuitry 
and software, 
digital 
control 
of 
industrial 
processes 
is becoming 
widely 
accepted. 
Micro, 
mini, and mainframe 
computers 
are distributed 
throughout 
the factory 
and need to exchange 
information. 
The same 
considerations 
apply 
where 
distributed 
data 
processing 
equipment 
is used in a factory 
environment 
for inventory 
control 
or workflow 
monitoring. 
Hewlett-Packard 
20 mA 
current 
loops are a natural choice 
for noisy environments. 


For these applications, 
20 mA current 
loops 
are desirable 
because 
they are resistant 
to errors 
caused 
by noise, they 
eliminate 
ground 
loops, 
can be used 
in communications 
links 
up to 
10 km long, 
are low cost, 
and 
can be easily 
installed. 
No other 
common 
communications 
system 
can 
equal these features. 


HEWLETT-PACKARD 
CURRENT 
LOOP 
OPTOCOUPLERS 
General Design Considerations with Optocouplers 
When 
ordinary 
optocouplers 
are 
used 
as the 
interface 
between 
logic 
systems 
and a current 
loop, and vice versa, 
careful 
design 
must be followed. 
The light 
emitting 
diode 


(LED) 
in a current 
loop 
receiver 
must 
be protected 
from 


to prevent 
the current 
transfer 
ratio (CTR) changes 
within 
an 
optocoupler 
over 
time 
from 
influencing 
established 
threshold 
levels. 
This 
input 
protection/threshold 
circuit 
should 
be powered 
solely 
by the current 
loop to maintain 
isolation 
and 
reduce 
power 
supply 
requirements. 
The 
receiver output 
circuit 
should 
be simple to interface 
to TTL 
or CMOS 
systems. 
The total 
current 
loop 
receiver 
circuit 
needs to occupy 
minimal 
board 
space within 
loop station 
equipment. 
Of course, 
the design 
must 
have good 
speed 
performance 
in 
order 
to 
meet 
ever 
increasing 
speed 
requirements. 


Similar 
considerations 
exist 
for 
current 
loop 
transmitter 
design. 
The transmitter 
will operate 
from 
either 
a TTL 
or 
CMOS 
input 
data 
signal. 
The 
output 
of the 
transmitter 
should 
be protected 
and buffered 
to handle 
the loop 
cur- 
rent and 
compliance 
voltage 
level of the current 
source. 
Output 
protection 
needs to be provided 
to ensure 
against 
miswired 
connection 
of the current 
loop to the transmitter 
terminals. 
The output 
circuit 
must be powered 
by the cur- 
rent loop source. 
If power failure 
occurs 
to the transmitter, 


the 
transmitter 
must 
remain 
ON 
in 
order 
to 
prevent 
obstruction 
of 
data 
on 
the 
current 
loop. 
Other 
subtle 
effects 
such as the type of current 
source 
and termination 
used will also influence 
speed performance 
of the loop. 


These design 
considerations 
have been incorporated 
into 


the 
HCPL-4100 
and 
HCPL-4200 
to 
simplify 
the 
circuit 
designer's 
task. 


Features Common to the HCPL-4100 
(Transmitter) and 
the HCPL-4200 (Receiver) 
The 
Hewlett-Packard 
current 
loop 
optocoupler 
product 
family 
consists 
of two devices: 
a current 
loop 
transmitter 


(HCPL-4100l 
and 
a current 
loop 
receiver 
(HCPL-4200l. 


Their 
unique 
characteristics 
will be explained 
by first dis- 
cussing 
the features 
which 
are common 
to both 
devices; 


then 
particular 
characteristics 
of 
each 
device 
will 
be 
addressed. 


Optical 
isolation 
is provided 
within 
each device 
to permit 
electrical 
independence 
of the logic systems 
from the cur- 
rent 
loop 
system. 
Electrical 
independence 
specifically 
means two concepts: 
1. signal 
isolation 
capability 
between 
the two 
sytems, 
2. insulation 
capability 
between 
the two 
systems. 
Signal 
isolation 
is the 
ability 
of 
the 
device 
to 
reject 
common 
mode 
signal 
interference. 
The 
common 
mode 
rejection 
capability 
of both the HCPL-4100 
and the 
HCPL-4200 
is typically 
10 kV/!'s 
with a specified 
minimum 
of 1000 VI!,s. The device 
insulation 
capability 
is the ability 
to withstand 
a transient 
potential 
difference 
stress between 
the two 
systems. 
The Withstand 
Test Voltage 
is 3 kV DC 
for five seconds. 


Speed performance 
of each device 
has a typical 
propaga- 
tion delay of 0.2 !'s - 
0.3 !'s with a specified 
maximum 
of 
1.6 !'s 
over 
0° C 
to 
70° C, 
excluding 
transmission 
line 
delay. 
Depending 
upon the location 
of the current 
source 
within 
a loop, 
data rates of 1.5 MBd for 250 metres 
loop 
length 
is achieved 
with 
the HCPL-4200 
receiver. 
Up to 75 
kBd 
for 
100 metres 
of 
loop 
length 
with 
the 
HCPL-4100 
transmitter 
is also achieved. 


The transmitter 
input 
and 
receiver 
output 
are compatible 
with 
TTL, 
LSTTL 
and CMOS 
logic 
levels. Passive current 


loop switching or monitoring is performed by integrated 
circuits lICs) within each device which are powered from 
an external 20 mA current source. No additional design for 
power supplies or buffer circuitry is needed for either unit. 
Current protection of up to ±30 mA is provided in each 
optocoupler. Specific, simple current sources which can 
be used are explained in a subsequent section. 


The HCPL-4100 20 mA current 
loop transmitter and 
HCPL-4200 20 mA current loop receiver incorporate these 
features in eight pin dual-in-line plastic packages. The 
eight pin dual-in-line package allows for automatic inser- 
tion capability and conservesprinted circuit board space. 


Featuresof the HCPL-4100Transmitter 
The output integrated circuit of the HCPL-4100transmitter 
directly controls a recommended 20 mA loop current. The 
minimum breakdown voltage of this IC, which determines 
the upper compliance voltage limit of the current source, 
is 27 V DC. At a recommended loop current of 20 mA, the 
MARK state voltage drop across the output terminals is 
typically 2.35 V DC. The SPACE state current level is typi- 
cally 1.1 mA (maximum 2 mAl which powers the output 
integrated circuit. Should power fail to the input IC of the 
HCPL-4100 transmitter, the output IC will remain in the 
MARK state. This important feature is needed in multidrop 
current loop applications. A minimum capacitive loading 
of 1000 pF is required for the output IC (loop side) of the 
transmitter. This guarantees stability of the IC under all 
possible load conditions. In general, an external 1000 pF 
capacitor can be omitted for twisted wire cable lengths 
greater than 30 metres (100ft.l. If there is any possibility of 
using a wire loop length less than 30 metres (100ft.l, the 
1000 pF capacitor must be connected. Good engineering 
practice is to use a bypassing capacitor (0.1,..F)from Vcc 
to ground for the input IC of the transmitter. Data from 
directly connected TTL, LSTTL or CMOS units to the 
input of the HCPL-4100 transmitter will properly operate 
this device. A block diagram of the HCPL-4100is given in 
Figure 1 and transfer characteristic is illustrated in Figure 
2. 


Featuresof the HCPL-4200Receiver 
The HCPL-4200 receiver input IC directly monitors the 20 
mA loop current. Power for this IC is supplied by the cur- 
rent loop from the external current source. Loop current 
level detection is performed prior to the optical isolation. 
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Figure 2. HCPL-4100 Typical Transfer Characteristic, Output 
Loop Current vs, Input Voltage, MARK State Loop Current Is 
Provided by External Current Source. 


Specified current thresholds are a minimum of 12 mA for 
MARK state and a maximum of 3 mA for SPACE state. 
The typical threshold for MARK state is 6.8 mA with 0.8 
mA hysteresis. A guaranteed SWitchingthreshold level for 
loop current provides additional common mode and dif- 
ferential mode noise immunity, and prevents possible 
current transfer ratio (CTR) changes from affecting loop 
current threshold levels.At the recommended loop current 
of 20 mA, the MARK state voltage drop across the input 
terminals is typically 2.52V DC. 


The output integrated circuit of the HCPL-4200 receiver 
can have a voltage output (Vo) greater than the power 
supply voltage (Vccl. The absolute maximum voltage level 
for Va and Vcc is 20 V DC. A third state (high impedance) 
output enable feature is available for use with buss inter- 
face applications or special inhibit functions. The output 
will remain at a high impedance level (third state) if Vcc is 
zero volts. A block diagram of the HCPL-4200 is given in 
Figure 3 and the transfer characteristic is illustrated in 
Figure 4. Conventional TIL and LSTIL logic devices can 
be directly connected to the output of the HCPL-4200unit. 
A standard CMOS interface for the HCPL-4200 receiver is 
given in Figure 5. 
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Figure 4. HCPL-4200 Typical Transfer Characteristic. Output 
Voltage ys. Input Loop Current 


CURRENT 
LOOP 
CONFIGURATIONS 
Current 
loop 
configurations 
can 
be 
arranged 
in 
three 


basic ways: simplex. 
half duplex 
and full duplex. 
Two vari- 


ations 
within 
each 
configuration 
can 
exist, 
i.e., point-to- 


point 
or 
multidrop 
connections. 
Definitions 
for 
these 


terms, 
recommended 
interface 
circuits, 
performance 
trade- 


offs 
and 
measured 
performance 
data 
will 
be 
discussed 


and illustrated 
within 
this section. 


Simplex 
The most fundamental 
loop configuration 
is simplex 
point- 


to-point. 
The 
data 
flows 
in only 
one 
direction 
from 
the 


transmitter 
over 
the current 
loop 
to the 
remote 
receiver. 


This 
configuration 
is shown 
in Figures 
6a and 6b. Figure 


6a illustrates 
a non-isolated. 
active current 
loop transmitter 


used 
with 
an 
isolated 
HCPL-4200 
receiver. 
Figure 
6b 


shows 
an 
isolated 
HCPL-4100 
current 
loop 
transmitter 


used with a non-isolated, 
active 
receiver. 
A possible 
point- 


to-point 
application 
is to 
use a 20 mA 
current 
loop 
for 


communication 
between 
a computer 
and 
remote 
printer. 


The 
simplex 
topology 
can 
be expanded 
from 
point-to- 
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point 
to 
multidrop. 
In a multidrop 
system, 
a number 
of 
receivers 
are in series on the loop which 
contains 
only one 
transmitter 
as illustrated 
in Figure 6c. A configuration 
with 
multiple 
transmitters 
and one receiver 
is possible 
as well. 


However, 
the priority 
of the operati ng transmitter 
must be 
established 
in that case. 


Undesired 
ground 
loops 
are 
eliminated 
and 
common 
mode 
rejection 
is increased 
by providing 
electrical 
isola- 
tion 
of the current 
loop. 
This isolation 
can be provided 
at 


either 
the receiver 
or transmitter 
end of the loop as illus- 
trated 
in Figures 
6a and 6b respectively. 
The opposite 
end 
need not be isolated. 
The non-isolated 
unit will supply 
the 


current 
(active) 
for 
this 
simplex 
configuration. 
A circuit 


diagram 
of a non-isolated, 
active transmitter 
connected 
to 


the 
HCPL-4200 
receiver 
(Figure 
6a) is given 
in Figure 
7. 


The data rate performance 
versus the length 
of the current 


loop for this circuit 
is given in Figure 8. 


The circuit 
for the alternate 
simplex 
arrangement 
of a non- 


isolated, 
active 
receiver 
connected 
to 
the 
HCPL-4100 


transmitter 
is given 
in Figure 
9. The trade-off 
of data rate 
versus 
loop length 
and compliance 
voltage 
is illustrated 
in 
Figure 10. 


Comparing 
the 
data 
rate 
performance 
for 
each 
circuit 


shows 
that the active, 
non-isolated 
transmitter 
configura- 


tion 
is faster 
by a factor 
of 11 at 1000 metres 
(3281 ft.) of 


loop distance. 
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The 
design 
and location 
of the current 
source 
determine 
loop 
length 
and 
data 
rate 
performance. 
In both 
simplex 


configurations, 
the current 
source 
compliance 
voltage 
can 
be much 
lower 
than 
the 
HCPL-4100 
device 
maximum 
of 
27 V. However, 
limitation 
on the 
length 
of the 
loop 
IDC 
resistance) 
and 
data 
rate capability 
would 
dictate 
a min- 
imum 
Vcc which 
can be used for the current 
source. 
With 
a 24 V ±10% power 
supply, 
multidrop 
applications 
for very 
long 
loop 
lengths 
(>3 kml 
can 
be done. 
Device 
perfor- 
mance as a function 
of current 
source 
design 
is covered 
in 
a later section. 
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DC Performance 
By 
summing 
the 
MARK 
state 
voltage 
drops 
around 
the 
current 
loop, 
a basic 
equation 
is derived 
for 
DC perfor- 
mance 
for 
the 
loop. 
This 
is expressed 
as the 
maximum 
distance 
over which 
a current 
loop can be operated. 


VCOMP - IVRCVR - IVXMTR 
MARK 
MARK 


L = --------- 
2 ILOOpRuNE 


Where 
L 


VCC 


VSAT 


ILOOP 


RUNE 


= Length 
of wire in one direction 


= Compliance 
voltage 
of current 
source 
= 
(VCC - VSAT)111 


= Supply 
voltage 
for current 
source; 


= Saturation 
voltage 
of current 
source 


= Operating 
loop current 


= DC resistance 
of wire per length 


IVXMTR 
= Summation 
of voltage 
drops 
across each non- 


MARK 
isolated 
and isolated 
transmitter 
current 
loop 
terminals 
when 
MARK 
state current 
flows.121 


IVRCVR 
= Summation 
of voltage 
drops 
across 
each 
MARK 
non-isolated 
and isolated 
receiver 
current 
loop 
terminals 
when 
MARK 
state current 
flows.l21 


Notes: 
1. VCOMP must 
be less than the breakdown 
voltage 
rating 
of the transmitter 
unit in SPACE 
state. 


2. The non-isolated 
unit will supply 
loop current. 
If two or 
more 
non-isolated 
units 
are 
used, 
then 
only 
one 
of 


these units needs to supply 
loop current. 


This 
equation 
can 
be solved 
for 
any 
particular 
parameter 


of 
interest 
if the 
other 
remaining 
parameters 
are known. 


For example, 
Equations 
(1) and (21 can be solved 
for min- 
imum 
power 
supply 
voltage, 
VCC, which 
can 
be used for 


current 
source 
of Figure 
7 for the following 
conditions. 


VCOMP = IVRCVR + IVXMTR + 2 L1LOOPRUNE 
(3) 


MARK 
MARK 


Where, 


IVRCVR 


MARK 


IVXMTR 


MARK 


ILOOP 


RUNE 


L 


VCOMP 


= 0 V (Non-isolated 
transmitter 
voltage 
drop 
is 
incorporated 
in VCOMP) 


= 22 mA (20 mA + 10%1, 


= 0.053 !1/m (AWG No. 22), 


=305m 


= 2.76 V + 0 V + 2(305 m) (0.022 AI <0.053 !1/ml 


= 3.47 V 


and using equation 
(2) 


Vcc = VCOMP + VSAT; where 
VSAT = 1.5 V 


= 3.47 V + 1.5 V 


Vcc = 4.97 V 


For 
the 
listed 
conditions, 
these 
calculations 
are for 
the 


worst 
case temperature 
and unit to unit variations. 


To address 
device 
voltage 
breakdown 
concerns, 
the cur- 


rent source 
compliance 
level for the current 
loop 
and the 


SPACE 
state current 
need to be known. 
The SPACE 
state 


current 
is determi ned by the transmitter 
when 
it is in the 


OFF 
state. 
SPACE 
state 
current 
will 
not 
be necessarily 


equal 
to 
zero. 
Hence, 
when 
a current 
loop 
receiver 
is 


designed, 
the 
threshold 
must 
be set at a proper 
level 
to 


avoid 
detecting 
the SPACE 
state current 
as well as to pro- 
vide a noise margin. 
With the HCPL-4200 
receiver, 
SPACE 
state current 
of 3.0 mA or less is allowed. 
Should 
a larger 


noise current 
margin 
be desired 
for SPACE 
state, the max- 


imum 
SPACE 
state 
current 
of 
the 
HCPL-4200 
can 
be 


raised 
effectively 
by 
shunting 
the 
input 
with 
a resistor. 


Actual 
device 
current 
threshold 
does not change; 
only the 


loop current 
level required 
to reach SPACE 
state threshold 


increases. 
Use of a shunting 
resistor 
will 
reduce 
the noise 


current 
margin 
in the MARK 
state for the HCPL-4200. 


Should 
the HCPL-4100 
transmitter 
be used, the maximum 


SPACE 
state 
current 
is 2.0 mA. 
For 
half 
duplex 
applica- 
tions, 
a noise 
margin 
of 
1.0 mA 
is specified 
for 
SPACE 
state with the combination 
of the HCPL-41 00/-4200 
units. 


AC Performance 
AC 
performance 
of a current 
loop 
is influenced 
by many 


factors. 
Typical 
data rate capability 
for the simplex 
config- 


urations 
shown 
in Figures 
7 and 9 are shown 
in Figures 
8 


and 
10 respectively. 
The 
10% (25%) distortion 
data 
rate is 


defined 
as the rate at which 
10% (25%1 distortion 
occurs 
to 


the output 
bit interval 
with 
respect 
to the reference 
input 


bit interval. 
This is expressed 
by equation 
(41. 


Distortion 
Data Rate 


1 
fD=- 
tSIT 


Where 
D = % distortion 
and 
tSIT is bit time 
of the 
input 


signal 
when 
D 
distortion 
is 
present 
in 
the 
output 
bit 
interval. 


A square 
wave as well as a 16 bit data stream 
was used to 
"exercise" 
the current 
loop system. 
In both 
simplex 
point- 
to-point 
configurations, 
the input 
data rate was adjusted 
to 


result 
in a 10% (25%) distortion 
to 
the 
output 
signal 
for 
either 
an input 
square 
wave or a 16 bit pattern. 


The 
16 bit 
pattern 
was 
used 
to 
provide 
two 
propagation 


delay 
test conditions 
for the current 
loop. 
One part of the 


16 bit waveform 
tests for data rate distortion 
affected 
by a 


long 
duration 
in either 
a MARK 
or SPACE 
state 
prior 
to 


state 
change. 
The other 
part of the 
16 bit waveform 
tests 


for 
effects 
on 
data 
rate 
distortion 
via 
short 
durations 
in 


either 
a MARK 
or SPACE 
state prior 
to a state change. 
In 
both 
simplex 
configurations, 
Figures 
7 or 9, the transition 


from 
either 
a short 
or a long 
duration 
MARK 
state 
to a 


SPACE 
state affects 
the data rate distortion 
the most. The 


16 bit exerciser 
circuit 
diagram 
and 
bit stream 
waveform 


are shown 
in Appendix 
A. 
I 


In the description 
of the AC performance 
that follows, 
an 
.-."" 


approximation 
has been made to simplify 
the analysis. 
The 


transmission 
line 
is treated 
as a lumped 
capacitance. 
A 
more 
complete 
analysis 
of AC performance 
would 
require 


rigorous 
treatment 
via transmission 
line theory. 


SQUARE 
WAVE 
GENERATOR 


Figure 12. Timing Comparislon of Outpuf Signal (Vo) to Input 
Signal (VIN) using 16-81t Word at 10% Distortion with 305 m 
(1000 ft.) Loop Distance. Reference Figure 11. 


Non-Isolated 
Active 
Transmitter 
with the HCPL-4200 
Receiver 
The typical 
waveforms 
for the non-isolated 
active transmit- 
ter 
used 
with 
the 
HCPL-4200 
(Figure 
11) are 
shown 
in 
Figures 
12 and 13. The loop 
length 
is 305 metres 
(1000 ft.>. 


Figure 
12 shows 
10% distortion 
when 
the input 
signal 
is a 
16 bit pattern. 
The total 
propagation 
delay shown 
in Figure 
12 for a SPACE 
to MARK 
transition 
is 2.4/ls. 
The propaga- 


tion 
delay 
of the transmitter 
and 
receiver 
is 0.3 /lS. Hence. 


the 
propagation 
delay 
for the transmission 
line 
is 2.1 /ls. 


Current 
and voltage 
waveforms 
for the current 
loop 
at the 
receiver 
end are shown 
in Figure 
13 for a 10% distortion 
of 
data 
to 
an 
input 
square 
wave. 
Notice 
the 
loop 
current 
waveform 
delay 
of 
2.4 
/lS 
before 
Vo 
follows 
VIN. The 
important 
parameter 
to observe 
is loop 
current. 
When 
the 


loop 
current 
level 
exceeds 
the 
HCPL-4200 
current 
thre- 


shold, 
Vo changes 
state. 
Loop 
voltage 
at the receiver 
only 


follows 
the 
current 
level 
and 
changes 
by approximately 
one 
volt. 
This 
simplex 
configuration 
provides 
the 
best 
speed 
performance. 
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Figure 13. Characteristic Waveform Performance of Circuit In 
Figure 11 with 305 m (1000 ft.) Loop Distance, Square Wave Input 
and Output Distortion of 10%. a. Input Voltage (VIN), b. Receiver 
Load Voltage (Vd, c. Loop Current (ILOOP), d. Output Voltage (Vo) 


Non-Isolated 
Active 
Receiver 
with the HCPL-4100 


Transmitter 
The typical 
waveforms 
for the non-isolated 
active 
receiver 


used with the HCPL-4100 
(Figure 
14) are shown 
in Figures 


15 and 
16. The loop 
length 
is 305 metres 
(1000 ft.>. Figure 


15 shows 
10% distortion 
when 
the input 
signal 
is a 16 bit 


pattern. 
Figure 
16 illustrates 
a 10% distortion 
for an input 
square 
wave. 
Recall 
that 
current 
level 
determines 
the 


switching 
point, 
not the voltage 
level. 


At the 
input 
low 
to 
high 
state 
change, 
the 
loop 
current 


changes 
momentarily 
to the MARK 
state short 
circuit 
out- 


put 
current 
level. 
Isc, 
(typically 
85 mAl. 
A current 
spike 


appears 
at the receiver 
end after the inherent 
transmission 


line propagation 
delay 
of approximately 
2 /lS, as expanded 


in Figure 
17. The spike 
is caused 
by sudden 
discharge 
of 


cable 
capacitance. 
However, 
the 
loop 
current 
rapidly 


decreases 
from 
the 
Isc 
level 
to a 20 mA 
level 
when 
line 


discharge 
is complete. 
Time 
duration 
of Isc can be calcu- 


lated 
by 
referring 
to 
the 
output 
power 
dissipation 


calculations 
for the HCPL-4100 
in Appendix 
B. 
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Figure 15. Timing Comparison of Output Signal (Vo) to Input 
Signal (VIN) Using 16-81t Word at 10% Distortion with 305 m 
(1000 ft.) Loop Distance. Reference Figure 14. 


The 
non-isolated 
receiver 
switched 
states 
when 
loop 
cur- 


rent 
crossed 
approximately 
10 mA 
level. 
Yet, 
the 
loop 


voltage 
took 
approximately 
10 IJ.S to change 
from 
a current 


source 
voltage 
compliance 
level of 22.5 V to a MARK 
state 


voltage 
of 2.4 V at 20 mA. This 
loop 
voltage 
characteristic 
does not limit the turn 
on speed 
performance. 


At the 
input 
signal 
high 
to low 
transition, 
the 
HCPL-4100 


transmitter 
turns 
off 
after 
the 
device 
propagation 
delay. 


However, 
the loop current 
at the receiver 
does 
not change 


from 
20 mA until 
approximately 
30 IJ.S later. 
This 
is due to 


the current 
source 
charging 
the line capacitance 
at a fixed 


rate of 20 mA from 
essentially 
a MARK 
state voltage 
level 


(2.4 V) to the compliance 
level of the current 
source. 
Only 


after the compliance 
voltage 
is reached 
does the loop cur- 


rent 
fall 
below 
the 
10 mA 
threshold 
of 
the 
receiver. 
As 


before, 
the 
current 
level 
at the 
receiver 
determines 
the 


switching 
time. 
In this example, 
the compliance 
voltage 
of 


the 
current 
source 
influences 
the 
turn 
off 
delay 
of 
the 


loop. 
This 
dependence 
is graphically 
illustrated 
in Figure 
10. 
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Figure 16. Characteristic Waveform Performance of Circuit in 
Figure 14 with 305 m (1000 ft.) Loop Distance. Square Wave Input 
and Output Distortion of 10%. a. Input Voltage (VIN). 
b. Transmitter Load Voltage (Vd. c. Loop Current (ILOOP). d. 
Output Voltage (Vo) 
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Figure 17. Expanded Waveform Response of Figure 16. Displayed 
are Details of Isc Magnitude and Duration at Receiver as well as 
Transmitter Output Voltage (Vd 


General 
Factors 
Affecting 
Data Rate 
Three 
factors 
which 
limit 
data rate and their 
correspond- 


ing trade-offs 
are: 


1. Loop 
length: 
The length 
of the line will limit the speed 
performance 
of a current 
loop. This results 
mainly from 
the total 
capacitive 
loading 
effect of the cable upon the 
transmitter 
and receiver. 
The data rate versus length 
of 
line 
for 
the 
two 
simplex 
point-to-point 
configurations 
is illustrated 
in Figures 
8 and 
10. Shielded 
cable 
pro- 
vides more 
noise immunity 
but, in general, 
the capaci- 
tance 
per 
unit 
length 
will 
be larger 
than 
unshielded 
cable. 
The 
characteristics 
of the cable 
used, such 
as 
wire size, twist, 
insulation 
material, 
etc. all influence 
the 
maximum 
data 
rate. (The characteristics 
of the 
cable 
used in the text applications 
are listed in Appendix 
C.l 


2. Current 
Source: 
The location, 
type and compliance 
vol- 


tage of the current 
source 
used within 
a current 
loop 
can affect 
the system 
data rate. The primary 
limitation 
on data rate is the location 
of the current 
source 
within 
the 
loop. 
When 
the 
current 
source 
is located 
at the 
transmitter 
end of the loop 
rather 
than 
at the receiver 
end, the maximum 
data rate is much 
higher 
for a given 
loop 
length. 
This 
effect 
can be seen when 
comparing 
data in Figure 
8 to Figure 
10. The main 
reason 
for the 
lower data rate capability 
shown 
in Figure 
10 is that the 
current 
source 
must 
charge 
the cable 
capacitance 
to 
the 
compliance 
voltage 
of 
the 
current 
source. 
The 
speed 
achieved 
in Figure 
8 results 
because 
cable 
vol- 
tage 
changes 
by a small 
amount 
between 
the 
MARK 
and SPACE 
states. 
Practical 
applications 
of the HCPL- 
4100 and HCPL-4200 
optocouplers 
generally 
will require 
the current 
source 
to be located 
at the non-isolated 
end 
of the loop. For best speed performance, 
an active non- 
isolated 
transmitter 
would 
be used with the HCPL-4200 
receiver. 
However, 
in full duplex 
applications 
(two sim- 
plex 
loops), 
the 
non-isolated 
ends 
should 
be 
at 
a 
common 
location. 
Hence, 
overall 
bidirectional 
system 
data rates would 
be limited 
by the slowest 
loop, i.e., the 
one 
which 
contained 
a non-isolated, 
active 
receiver. 


More discussion 
of full and half duplex 
applications 
is 
found 
in subsequent 
sections. 


The 
type 
of 
current 
source 
can 
affect 
speed 
perfor- 
mance. 
A simple 
resistor, 
when 
used 
with 
a voltage 
source 
at the non-isolated 
loop 
end, can set the loop 
current 
level. 
Improper 
source 
impedance 
or termina- 
tion 
of the loop 
causes 
reflections 
which 
distort 
data 
resulting 
in a lower 
data rate capability. 
Termination 
of 
a current 
loop 
with 
an 
impedance 
equivalent 
to 
the 
characteristic 
impedance 
of the 
line 
can 
improve 
the 
data rate capability 
by approximately 
20%. Termination 
resistance 
does reduce 
part of the voltage 
available 
for 
operating 
station(s) on the loop. 


An active element 
current 
source 
can be controlled 
by 
current 
steering 
which 
allows 
for 
a higher 
speed 
of 
operation 
while 
providing 
consistently 
high 
on and off 
output 
impedance. 
Less 
variation 
in 
current 
source 
output 
impedance 
can 
help 
to 
reduce 
mUltiple 
signal 
reflections 
from 
occurring. 
Active 
element 
current 
sources 
are described 
in the Current 
Sources 
section 
of 


this application 
note. 


The compliance 
voltage 
can 
influence 
the speed 
per- 
formance 
of 
the 
non-isolated, 
active 
receiver 
circuit 
shown 
in 
Figure 
9. Data 
rate 
dependency 
upon 
the 


compliance 
voltage 
is shown 
in Figure 
10. Reducing 
the 


current 
source 
supply 
voltage 
from 24 V DC to 10 V DC 


for a simplex 
point-to-point 
current 
loop 
configuration 


increases 
the data rate by a factor of 3.5 in a 1000 metre 
(3281 ft.) loop. The reason 
for the improvement 
is that 


less time 
is required 
to charge 
the transmission 
line to 


the lower compliance 
voltage 
level at a constant 
charge 


rate. However, 
the opposite 
simplex 
arrangement 
of a 


non-isolated, 
active 
transmitter, 
Figure 
7, has no data 


rate dependency 
on compliance 
voltage 
as illustrated 
in 


Figure 
8. This 
is the result 
of the HCPL-4200 
perform- 


ing 
current 
threshold 
detection, 
not 
voltage 
level 
de- 
tection. 


The maximum 
usable 
data rate for a given 
loop 
length 
and configuration 
is usually 
determined 
by the propa- 


gation 
delay 
differences 
of 
the 
current 
loop 
and 
the 


amount 
of skew that is allowed 
in the user's application. 


Propagation 
delay skew is ItPLH - tPHLI. Factors 
which 


contribute 
to the 
system 
propagation 
delay 
skew 
are 


the current 
source 
compliance 
voltage 
level, the current 
source 
location, 
the inherent 
propagation 
delay skew of 


the current 
source, 
as well as the optocoupler 
propaga- 
tion 
delay skew. 
Detailed 
information 
on factors 
which 
affect 
distortion 
of 
data 
are discussed 
in the 
subse- 


quent 
Half Duplex 
section. 


3. 
Device 
Performance: 
The 
propagation 
delay 
of 
the 


transmitter 
and the receiver 
can influence 
data rates for 


short 
loop 
lengths 
«100 
metres) in high speed applica- 


tions 
(>1 MBdl. 
Generally, 
current 
loops 
are designed 
to 
operate 
over 
much 
greater 
distances 
than 
100 


metres. 
Consequently, 
the 
cable 
capacitance 
domi- 


nates the data rate limitations. 


Another 
device performance 
consideration 
is the power 


dissipated 
in the HCPL-4100 
transmitter. 
An example 
of 


power 
dissipation 
calculation 
for 
the 
HCPL-4100 
is 


given 
in Appendix 
B. Derating 
may 
be required 
when 


operating 
the unit at large Vcc voltage. 


Optional 
Device 
Protection 
Considerations 
Specific 
end product 
applications 
may require 
additional 
device 
protection. 
A bridge 
rectifier 
can 
be included 
in 
order 
to remove 
loop 
polarity 
connection 
concerns. 
Cur- 
rent 
buffering 
can be designed 
for 
loop 
currents 
greater 


than 30 mA. Possibility 
of damage 
due to electrostatic 
dis- 
charge 
to 
the 
cable 
or 
interconnection 
points 
can 
be 


significantly 
reduced 
by the use of energy 
absorbing 
devi- 
ces, such as TransZorbs® 
or metal oxide varistors 
(MOVl. 


Full Duplex 
A common 
and useful extension 
of the simplex 
configura- 
tion is the full duplex 
configuration. 
Full duplex 
communi- 
cation 
is defined 
as the simultaneous, 
bidirectional 
trans- 


mission 
of 
information 
between 
local 
and 
remote 
units. 


The block 
diagram 
in Figure 
18 shows 
this point-to-point 


configuration. 


Essentially, 
a full duplex 
arrangement 
is two point-to-point 


simplex 
loops (a four wire system) used simultaneously 
for 


back and forth 
data flow. A common 
current 
loop applica- 


tion 
for 
full 
duplex 
configuration 
is connecting 
remote 


terminals 
to an I/O interface 
section 
of a central 
computer 


system. 


Implementation 
of 
optical 
isolation 
within 
a full 
duplex 


current 
loop 
system 
should 
be done at one common 
end 


NON-ISOLATED 
STATION 
,----, 
I 


of the loops. 
Two 
separate. 
active, 
non-isolated 
units are 
located 
at the other 
end of the loops. 
Figure 
18 illustrates 
these comments. 
Providing 
isolation 
at one common 
end 
will significantly 
reduce 
common 
mode coupling 
between 


the two 
loops. 
In most 
cases, the full 
duplex 
data rate is 
limited 
by the 
loop 
containing 
the 
HCPL-4100 
and 
the 
non-isolated 
active receiver. 
This limitation 
can be circum- 


vented 
by 
using 
an 
isolated 
current 
source 
at 
the 
HCPL-4100 
end 
of 
the 
loop 
and 
a non-isolated 
passive 


receiver. 
The isolated 
current 
source 
increases 
the cost of 
the data 
link. 
but this 
increased 
cost 
may be justified 
by 
the speed 
improvement 
obtained. 
All information 
which 
is 
described 
in the Simplex 
section 
for the performance 
of a 
simplex 
point-to-point 
current 
loop 
configuration 
will 


apply to the full duplex 
applications 
as well. 


Half Duplex 
A half 
duplex 
current 
loop 
provides 
non-simultaneous. 


bidirectional 
data 
flow 
between 
remote 
and 
local 
equip- 
ment. 
This 
configuration 
utilizes 
a 
simpler 
two 
wire 


interconnection. 
compared 
to the four 
wire 
arrangement 
of the full duplex 
case. The half duplex 
system 
can easily 
be expanded 
from 
a point-to-point 
application 
to a multi- 
drop application 
with multiple 
transmit 
and receive stations 
along 
the loop. 
The block 
diagrams 
of Figure 
19 demon- 
strate 
the two 
cases 
of point-to-point 
and 
multidrop 
for 
half duplex. 


A characteristic 
of 
the 
half 
duplex 
configuration 
is the 


need 
to 
establish 
priority 
of 
transmitters 
in the 
current 


loop 
whether 
the loop 
is point-to-point 
or multidrop. 
Pro- 
tocol 
in the information 
being transferred 
will ensure 
that 
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only one transmitter is sending data at any given time. 
Typical usage of a half duplex current loop parallels sim- 
ilar applications for the full duplex case. 


DC Performance 
As Figure 19 illustrates, isolation of the current loop from 
logic systems is easily implemented at one end of the loop 
by the use of the combination of the HCPL-4100 transmit- 
ter and the HCPL-4200 receiver. Significant reduction of 
common mode influences on the current loop, elimination 
of ground potential differences and specified loop current 
noise immunity are achieved by the use of these comple- 
mentary 
optocouplers. 
For this 
combination 
of opto- 
couplers, the loop current noise immunity is a minimum of 
1 mA in the SPACE state and 8 mA in the MARK state. A 
non-isolated active transceiver (transmitter and receiver) 
with one current source operates at the opposite end of 
the current loop. 


The maximum compliance voltage of the current source is 
limited by the breakdown voltage capability of any trans- 
mitter in the half duplex loop. The isolated HCPL-4100 
transmitter has a maximum operating voltage of 27 V DC. 
However, in multidrop applications, each isolated HCPL- 
4200 receiver will 
share a portion 
of the compliance 
voltage during the SPACE state, worst case 0.9 V DC at a 
minimum SPACE state current of 0.5 mA. Also, each iso- 
lated conducting 
HCPL-4100 transmitter 
will 
share a 


portion of the compliance voltage during SPACE state as 
well. Worst case, this is 0.95 V DC at 0.5 mA. For example, 
with four pairs of HCPL-4100 and HCPL-4200 units being 
used, an additional worst case 6.5 V DC can be added to 
increase the maximum compliance voltage value from 27 
V DC to 33.5 V DC for the current source. The additional 
6.5 V DC is calculated on the basis of one of the HCPL- 
4100 transmitters interrupting 22 mA loop current at 200 
metre station intervals. This increase in the compliance 
voltage level can allow another isolated station to be used. 
Minimum Vcc required for the current source of Figure 
20<b)with five isolated stations in the MARK condition with 
worst case parameters previously used yields 33.2 V DC. A 
higher compliance voltage can allow longer loop lengths 
but data rate will be slower. Precautions must be taken to 
prevent the removal of any stations from the loop in order 
to avoid an excessive compliance voltage from overstress- 
ing 
any transmitter 
remaining 
in the 
loop. 
A design 


compromise has to be determined for the benefits achieved 
at different compliance voltages. Equation (1) from the 
Simplex 
section 
can 
be used to 
determine 
any 
DC 


parameter in a half duplex application. 


A specific active, non-isolated transceiver which can be 
used in point-to-point and multidrop applications with the 
HCPL-4100 and HCPL-4200 current loop optocouplers is 
shown in Figure 20. 


AC PERFORMANCE 
Polnt-to-Polnt 
The corresponding data rate performance versus loop dis- 
tance and direction of data is given in Figure 21 for the 
half duplex point-to-point application. Definitions for 10% 
and 25% distortion data rate are given under the Simplex 
Configuration section. 


Transmission of data from an isolated T/R (transmitter and 
receiver pair) to an active non-isolated T/R limits the half 
duplex data rate performance. This limitation is due to 
slower speed of a current loop when using an isolated 
transmitter. A lower current source compliance voltage 
will improve the data tate of an isolated T/R to a non- 
isolated T/R as discussed in the Simplex section. 


Multidrop 
The data rate performance for half duplex multidrop appli- 
cations, as illustrated in Figure 20(b), is summarized in 
Tables 1 and 2. These tables compare data rate versus the 
loop distance between stations, total length of loop, direc- 
tion of data, distortion data rate and data format. Table 1 
illustrates at fixed distortion (10% or 25%) how data rate 
can be different at different stations along the loop. Table 
2 shows the pulse width distortion that results when the 
multidrop loop is operated at severalfixed data rates. 


g100k 
:l 
I 
w 
I- 
'"a: 


--- 
25% DISTORTION 
DATA 
RATE 
- 
-- 
10% DISTORTION 
DATA 
RATE 
---- 
MAXIMUM 
DATA 
RATE 


«25% 
DISTORTION) 


Comparision of data rates for point-to-point (half duplex) 
and multidrop configurations can appear contradictory. 
Data presented in Figure 21 and Table 1 illustrate this at a 
25% distortion on a 915 m (3000 ft.> loop. A comparison 
shows the influence of mUltiple stations upon the data rate 
for a fixed loop length. In the point-to-point case, the data 
rate is 62.5 kBd from an active, non-isolated T/R to the 
isolated T/R No.1. In the multidrop case, non-isolated T/R 
to the isolated T/R No.3, data rate in the same direction is 
25 kBd. As expected, the data rate in point-to-point is fas- 
ter because the current source only needs to charge the 
line to a lower sum (~ 1/2) of MARK state voltages than in 
the multiple station case. However, in the opposite direc- 
tion of isolated T/R NO.1 to active, non-isolated T/R, the 
point-to-point 
data rate is 3.33 kBd while the multidrop 


data rate is 6.25 kBd. In this instance, multidrop is 2X fas- 
ter than the point-to-point case over the same distance, 
contrary to "expected" results. The reason for this speed 
improvement results from the fact that when T/R NO.3 
interrupts the loop current, the current source will con- 
tinue to charge the loop until the compliance voltage is 
reached causing the current source to shut down. Fortu- 
nately, the voltage difference between the sum of all 
MARK state voltage drops and compliance voltage is small 
due to the total of four stations in the loop. Hence, a small 
voltage excursion requires considerably lesscharging time 
than 
if this 
charging occurred 
over a larger voltage 


excursion. 


In addition, with the usage of multiple stations at a con- 
stant data rate, the data distortion can vary from station to 
station. This distortion varies with respect to the transmit- 
ting station. As an illustration from Table 2, the 915 m 
(3000ft.>example with three remote stations Ii.e., the iso- 
lated T/R NO.3 transmitting at 6.25 kBd to successive 305 
m (1000ft.>stations of T/R No.2, T/R NO.1 and an active 
non-isolated transceiverI yields distortion levels of 19%, 
31%, 25% respectively. Larger distortion at an interim sta- 
tion than at a station located at an end of a loop is due to 
different thresholds for each station. Identical current 
threshold levels at each station will provide progressively 
increasing distortion levels at each station along the loop. 
Also, reflection of signals between stations can account 
for inconsistent distortion levels at various stations on a 
loop system. The designer will be limited to a data rate 
that results in acceptable distortion for each station. 


In general, data rate limitations in multidrop applications 
for data which flows from active non-isolated station to 
isolated stations will be caused by propagation delay time 
of the line and the charging or discharging time for the 
total line capacitance. Charging and discharging the line 
occurs over a voltage level which is equal to the difference 
between the sum of all MARK state voltages and the sum 
of all SPACE state voltages which are presented at the 
active non-isolated loop connection points. Data rate lim- 
itations in the opposite direction (isolated units to anI 
active, non-isolated unit! are limited by propagation delay 
_:: 
time of the line and by the time to charge total line capac- 
itance over a voltage equal to the difference between the 
sum of MARK state voltages and compliance voltage of 
the current source. 
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T/R #4 
122 
400 
250 
Input Signal: Square Wave 
T/R #3 
92 
300 
370 
25% 
Active 
T/R #2 
61 
200 
370 
Current Source: 


Non-Isolated 
T/R #1 
31 
100 
250 
20 mA/24 V DC 


• Transceiver 
T/R #4 
122 
400 
125 
T/R #3 
92 
300 
167 
Half Duplex Current Loop 


T/R #2 
61 
200 
167 
10% 
Circuit Schematic: Figure 


T/R #1 
31 
100 
122 
125 
20b. 


Non-Iso. T/R 
122 
400 
(400) 
62.5 
T/R #1 
92 
300 
62.5 
25% 
T/R #2 
61 
200 
82.5 
Isolated 
T/R #3 
31 
100 
100 
T/R #4 
Non-Iso. T/R 
122 
400 
25 
T/R #1 
92 
300 
25 
10% 
T/R #2 
61 
200 
33.3 
T/R #3 
31 
100 
40 


T/R#3 
915 
3000 
25 


Active 
T/R #2 
610 
2000. 
33.3 
25% 


Non-Isolated 
T/R #1 
305 
1000 
25 
Transceiver 
T/R #3 
915 
3000 
12.5 
T/R #2 
610 
2000 
16.7 
10% 
T/R #1 
305 
1000 
915 
12.5 


Non-Iso. T/R 
915 
3000 
(3000) 
6.25 
T/R #1 
610 
2000 
5.0 
25% 
Isolated 
T/R #2 
305 
1000 
8.25 


T/R #3 
Non-Iso. T/R 
915 
3000 
2.0 
T/R #1 
610 
2000 
2.0 
10% 
T/R #2 
305 
1000 
3.33 
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T/R #4 
122 
400 
250 
25% 
Input Signal: Square Wave 
T/R #3 
92 
300 
250 
30% 
Active 
T/R#2 
61 
200 
250 
15% 
Current Source: 


Non-Isolated 
T/R #1 
31 
100 
250 
25% 
20 mA/24 V DC 
Transceiver 
T/R #4 
122 
400 
125 
10% 
T/R #3 
92 
300 
125 
6% 
Half Duplex Current Loop 


T/R #2 
61 
200 
125 
7.5% 
Circuit Schematic: Figure 


T/R #1 
31 
100 
122 
125 
12% 
2Ob. 


Non-Iso. T/R 
122 
400 
(400) 
62.5 
25% 
T/R #1 
92 
300 
62.5 
25% 
T/R #2 
61 
200 
62.5 
19% 
Isolated 
T/R#3 
31 
100 
62.5 
6% 
T/R #4 
Non-Iso. T/R 
122 
400 
25 
10% 
T/R #1 
92 
300 
25 
10% 
T/R#2 
61 
200 
25 
7.5% 
T/R#3 
31 
100 
25 
7.5% 


T/R #3 
915 
3000 
25 
25% 


Active 
T/R#2 
610 
2000 
25 
17.5% 


Non-Isolated 
T/R #1 
305 
1000 
25 
25% 


Transceiver 
T/R #3 
915 
3000 
12.5 
10% 
T/R #2 
610 
2000 
12.5 
7.5% 
T/R #1 
305 
1000 
915 
12.5 
12% 


Non-Iso. T/R 
915 
3000 
(30001 
6.25 
25% 
T/R #1 
610 
2000 
6.25 
31% 


Isolated 
T/R #2 
305 
1000 
6.25 
19% 
T/R #3 
Non-Iso. T/R 
915 
3000 
2.0 
10010 
T/R #1 
610 
2000 
2.0 
8% 
T/R #2 
305 
1000 
2.0 
12% 
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CURRENT SOURCES 
Resistor 
Current sources used for current loop systems can vary in 
performance, complexity and cost. The most elementary 
and inexpensive techni"quefor supplying loop current is to 
use a series resistor between the non-isolated station 
power supply and the loop. The resistance value (Rsl to 
use is a function of the desired loop current (lLOOP),of the 
type of cable (resistance per length, RUNE),the loop length 
(Ll, the number of stations on the loop with their respective 
MARK state terminal voltages (rVMARK)and the power 
supply voltage (Vcc) for the non-isolated station. Equation 
(5)determines the resistor value. The simplicity of a single 
resistor yielding a 20 mA loop current is achieved at the 
expense of requiring that the loop configuration cannot be 
changed without changing the resistor value. 


Vcc - (ILOOP)(RUNE)2L- ~VMARK 
Rs = ------------ 
ILOOP 


Speed performance of a loop system using a current set- 
ting resistor is slower than with an active current source. 
This 
difference 
arises 
from 
an 
exponential 
current 
response versus a linear current response associated with 
an active current source. For a given current threshold 
level, the linear response will charge a capacitive line 
quicker than an exponential response. When a current set- 
ting 
resistor 
is 
used, termination 
resistance can 
be 
employed 
at the 
isolated stations 
in order to reduce 
somewhat the signal reflections along a loop. Up to a 20"10 
speed improvement can be obtained with termination res- 
istance equal to characteristic line impedance. However, 
with the use of termination resistance, allowance must be 
made for the additional MARK state voltage drop of the 
terminating 
resistor with respect to the available com- 
pliance range of the current loop. 


LEDlTransistor 
The recommended current source to use is a simple, rela- 
tively inexpensive, active constant current source shown in 
Figure 22. The LED provides a stable voltage reference 
(VF) for the transistor base and also helps to compensate 
the 
base-emitter junction 
voltage 
(VSE) changes with 
temperature. This current source is fairly independent of 
the Vcc level if the LED bias current (IF)is set so that the 
VF only changes slightly with large variations in IF (~ 60 
mV/decade of IFl. Regulation of 10"10 in output current can 
easily be achieved over a Vcc range of 5 V DC - 27 V DC. 


When large Vcc is used with low MARK state voltage con- 
ditions, 
the 
use of a transistor 
with 
good 
thermal 
conduction to the ambient environment will minimize the 
variation in the source current because of the variation of 
VSEwith temperature. This state is the large power dissi- 
pation condition. 


This current source can be easily current steered for fast 
switching. Current steering is illustrated in Figure 7. For 
applications of this current source at high data rates over 
short loop distances it is important that the difference in 
propagation delays from on-to-off and off-to-on be made 
as small as possible. Status indication 
is conveniently 
given by the LED. 
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Specialized 
Integrated 
Circuits 
More complicated current sources which are usable in 
current loops can be current mirrors or specialized inte- 
grated circuits. A current mirror displayed in Figure 23 
requires the use of a matched pair of transistors in order 
to perform well. 


In general, commercially available matched pairs are not 
designed for output collector currents greater than 10 mA. 
Additional components which are needed to obtain 20 mA 
results in greater complexity and higher cost with less reli- 
ability. In order to reduce power supply noise influences 
and improve thermal stability, significant transistor emitter 
degeneration resistance must be used. This degeneration 
sacrifices the available voltage range between the total 
MARK state voltage and the compliance voltage of the 
current mirror. 


In Figure 23(c),the LM234 integrated circuit current source 
can be used. More components are required for tempera- 
ture compensation to provide a proper current level and 
regulation over a wide temperature range as well as to 
prevent possible oscillations of this active device. In addi- 
tion, 
switching 
characteristics 
of the LM234 must be 
considered with regard to the desired loop speed perfor- 
mance. Over all, the current source provides good regu- 
lation 
(±3"1o) for 
current 
loop 
usage, but the cost of 
additional 
components 
and space in an input-output 


module may detract from the design convenience of this 
device. 
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APPENDIXA. 
16-Bit 
TTL 
Data 
Exerciser 
Circuit 
The 
purpose 
of this 
circuit 
is to provide 
long 
(6 bits) and 
short 
(1 bill durations 
of the logic 
one and logic zero states 
in different 
time sequences. 
Figure 
24 illustrates 
the 16-bit 
TTL output 
waveform 
(OA). 


APPENDIX 
B. 


HCPL-4100 
Power 
Dissipation 
Calculations 
The 
power 
dissipation 
calculation 
for 
the 
HCPL-4100 
transmitter 
is made 
using 
the standard 
method 
for deter- 
mining 
the 
input 
power 
dissipation. 
Calculation 
of 
the 
output 
power 
dissipation 
must 
take 
into 
account 
power 
consumed 
in three 
different 
operating 
conditions. 
These 
conditions 
are: 1. power 
dissipated 
during 
transition 
from 
SPACE 
to 
MARK 
state, 
2. power 
dissipated 
in 
MARK 
state, 
and 3. power 
dissipated 
in SPACE 
state. The worst 
case 
average 
power 
dissipated 
over 
two 
bit 
intervals 
should 
be calculated. 
The average 
output 
power 
dissipa- 
tion 
is calculated 
from the following 
formula: 


PSMtSM + PMtM + Psts 


2 tSIT 


where 
Po 
= Average 
output 
power 
dissipated 
during 
a 
worst 
case time interval. 


= Power dissipated 
during 
SPACE to MARK 
transition 


Isc (VCOMP+ VMO) 


2 


= MARK state short 
circuit 
output 
current 


= Compliance 
voltage 
of current 
source 


= MARK 
state output 
voltage 


= Power dissipated 
during 
MARK 
state 


= VMolLOOP 


ILOOP= Loop Current 


= Power dissipated 
during 
SPACE 
state 


= VcoMPlso 
= SPACE 
state output 
current 
= Duration 
time of power 
dissipated 
during 
SPACE 
to MARK 
transition 


CL (VCOMP - VMO) 


Isc 


CL 
= Total 
load capacitance 


tM 
= Duration 
time of MARK 
state 


ts 
= Duration 
time of SPACE 
state 


tSIT 
= Time of bit interval 


These 
formulas 
are based 
upon 
an assumption 
of a linear 
discharge 
of a capacitive 
load. 
I 
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Using 
equations 
(6) through 
(10l, the 
worst 
case 
output 
power 
dissipated 
in the HCPL-4100 
transmitter 
can be cal- 


culated 
for the following 
operating 
conditions. 


L 
= 200 metres 
(656 fU 


CL 
= 36,000 pF (180 pF/m) 


VeoMP 
= 23.5 V DC (Vee = 24 V DC) 


ILOOP 
= 22 mA (20 mA + 10%) 


Ise 
= 85 mA 


TA 
= 70°C 


CMOS 
LOGIC 
(15 V ± 5%) 


HCPL-4100 
Power 
Dissipation 
Limits 
at 70°C 


PIN = 208 mW, PTOTAL= 283.5 mW 


VMO 
= 2.75 V at 22 mA 


Iso 
= 2 mA 


tSIT 
= 104.1 I-'S 


(9600 Baud, 
NRZ' 
alternating 
MARK 
and 
SPACE 
states. 


Reference 
Figure 
25.l 


'Non 
Return 
to Zero data format. 


D 
= 25% Distortion 


Calculation 
of maximum 
input 
power 
to the HCPL-4100 
is 


based upon 
linear interpolation 
of maximum 
Ice and IiH. 


PIN 
= Veelee 
+ VIHIiH 
(11) 


= (15.8 V) (12.6 mAl + (15.8 V) (0.206 mAl 


= 202.3 mW. < 208 mW max 


Consequently, 
maximum 
derated 
output 
power 
is 


Po 
= PTOTAL- PIN 


Applying 
given 
values 
to 
equations 
(7), (8). (9). and 
(10l 


results 
in 


PSM 
=1115.6mW 


PM 
= 60.5 mW 


Ps 
= 47 mW 


tSM 
= 8.81-'s 


Equation 
(6) yields average 
output 
power 
per bit interval 
of 


Po 
= 98.4 mW > 81.2 mW max 
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To circumvent 
this excess 
output 
power 
dissipation 
condi- 


tion, 
Vcc 
of current 
source 
can be reduced 
from 
24 V DC 


to 15 V DC. Recalculation 
with Vcc = 15 V DC yields 


PSM 
= 733.1 mW 


PM 
= 60.5 mW 


Ps 
= 29 mW 


tSM 
= 5.0 IJS 


Po 
= 60.9 mW < 81.2 mW max 


The 
major 
compromises 
which 
would 
be given 
up 
are: 


a. maximum 
loop 
length 
is 
reduced 
by 
one 
half, 
and 


b. 
less 
capability 
for 
multidrop 
applications. 
However, 


data 
rate can be doubled 
to 20 kBd at Vcc = 15 V DC over 


200 metres. 


APPENDIX 
C. 
Cable Data 
The 
cable 
which 
was 
used 
throughout 
this 
application 


note 
contained 
five 
pairs 
of unshielded, 
twisted, 
22 AWG 


wire 
(Dearborn 
No. 862205l. 
Typical 
measured 
properties 


of this cable 
are listed 
below. 
Other 
manufacturers 
provide 


cable 
with 
similar 
characteristics 
(Belden 
No. 9745l. 
Con- 


sult cable 
manufacturer 
catalogs 
for detailed 
information. 


Zo 
= 75 n, Characteristic 
Impedance 
-line 
to line 


RUNE 
= 52.91 0/1000 
m, DC Resistance 
- single 


conductor 
= 174 pF/m, 
Capacitance 
-line 
to line 


= 5.9 nsec/m 


APPENDIX 
D. 
List of Parameters 


= Total 
load capacitance 


= Data rate at which 
D% output 
pulse distortion 
occurs 


= Operating 
loop current 


= MARK 
state short 
circuit 
output 
current 


= SPACE 
state output 
current 


= Length 
of wire in one direction 


= Power 
dissipated 
during 
SPACE 
state 


ILOOP 


lsc 


Iso 


L 
Ps 


Po 
= Average 
output 
power 
dissipated 
over a time 
interval 


PSM 
= Power 
dissipated 
during 
SPACE 
to MARK 
transition 


PM 
= Power dissipated 
during 
MARK 
state 


RUNE 
= DC resistance 
of wire per length 


Rs 
= Current 
setting 
resistor 
from 
non-isolated 
power 


supply 


tSIT 
= Time of bit interval 


ts 
= Duration 
time of SPACE 
state 


tM 
= Duration 
time of MARK state 


tSM 
= Duration 
time of SPACE 
to MARK 
transition 


Vcc 
= Power supply 
voltage 


VCOMP = Compliance 
voltage 
of current 
source 


VMO 


VRCVR 
MARK 


= MARK 
state output 
voltage 


= Voltage 
across 
current 
loop receiver 


terminals 
when 
MARK state current 
flows 


= Saturation 
voltage 
of current 
source 
= Voltage 
across 
current 
loop transmitter 
terminals 
when 
MARK 
state current 
flows 


VSAT 


VXMTR 
MARK 
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Using the 
HLMP-4700/-1700/-7000<5eries 
Low Current Lamps 


The 
quest 
for 
the 
reduction 
of 
power 
consumption 
has 
long 
been a struggle 
for design 
engineers. 
In many sys- 
tems, 
reductions 
in power 
requirements 
mean reductions 
in driver 
circuitry 
and heat dissipation 
requirements. 
Indi- 
vidual 
component 
power 
reduction 
in the 
telecommuni- 


cations 
field 
adds up to a significant 
savings 
in power 
for 
large 
circuits 
and 
networks. 
Reducing 
power 
becomes 
particularly 
important 
in 
the 
design 
of 
portable 
instru- 
ments; the greater 
the power 
requirement 
is, the larger the 
power 
supply 
needs 
to 
be 
and 
the 
less 
portable 
the 
instrument 
becomes. 


Hewlett-Packard 
has 
now 
made 
progress 
toward 
LED 
lamp 
power 
reduction 
by 
introducing 
the 
HLMP-4700/ 


-1700/-7000 
series low current 
lamps. 
These lamps, 
avail- 
able 
in yellow 
and 
high 
efficiency 
red, are designed 
and 
tested 
for 
operation 
at 
2 mA 
DC. 
The 
tinted, 
diffused 
packages, 
available 
in 
T-l 
3/4, 
T-l, 
and 
subminiature 
styles, 
provide 
the designer 
a convenient 
way to reduce 
power in many applications. 


This 
application 
note 
begins 
by 
outlining 
some 
major 
characteristics 
of 
the 
low 
current 
lamp 
and 
compares 
these 
characteristics 
with 
those 
of 
Hewlett-Packard's 
standard 
lamp. Luminous 
intensity 
and forward 
voltage 
as 
functions 
of current 
as well as pulsed 
mode operating 
effi- 
ciency 
are examined 
and discussed. 
Savings 
in interface 
techniques 
employing 
CMOS, 
LSTTL 
and LTTL 
logic 
are 
covered, 
and an example 
analysis 
of savings 
in production 
costs 
is presented. 
Also discussed 
are the ways in which 
other 
circuits 
that 
operate 
on 
power 
supplies 
that 
are 
greater 
than 5 volts, effect significant 
power 
reductions 
by 


the reduction 
in drive 
requirements. 
Telecommunications 
information 
on current 
and voltage 
requirements 
pertain- 
ing 
specifically 
to 
the 
telephone 
and 
typical 
telephone 
networks 
is covered. 
Finally, 
battery 
information 
on com- 
mon household 
cells also is provided; 
sizes and capacities 
are tabled 
and compared. 


DEVICE CHARACTERISTICS 


The HLMP-4700/-1700/-7000 
series 
lamps were designed 
specifically 
with 
low 
current 
DC 
operation 
in 
mind. 


Hewlett-Packard's 
advancements 
in LED technology 
and 
optimization 
of the chip geometry 
have increased 
the light 
output 
of the lamp at lower 
currents. 
Figure 
1 shows 
typi- 
cal luminous 
intensity 
as a function 
of forward 
current 
for 
the HLMP-3300/-3301 
conventional 
lamps and the HLMP- 
4700 low current 
lamp. 
From 
these 
graphs, 
it is evident 
that 
for 
currents 
up to 7 mA 
DC the 
low 
current 
lamp 
yields 
a higher 
luminous 
intensity 
than 
the conventional 
lamp shown. 
For instance, 
given 
lamps 
in identical 
pack- 
ages 
with 
the 
same 
optical 
characteristics 
at a forward 
current 
of 2 mA, it can be observed 
that whereas 
the con- 
ventional 
lamp 
yields 
0.5 
mcd, 
the 
low 
current 
lamp 
typically 
yields a luminous 
intensity 
of 2.0 mcd. 


The operating 
forward 
voltage 
is directly 
influenced 
by the 


low drive 
conditions 
as well. The graph 
of Figure 
2 com- 
pares typical 
forward 
electrical 
characteristics 
of conven- 
tional 
lamps and the low current 
lamp. From the graph, 
it 


is evident 
that at anyone 
value of current 
the forward 
vol- 


tage 
is 
higher 
for 
the 
low 
current 
lamp 
than 
for 
the 
conventional 
lamp. However, 
since the higher 
light output 
at lower current 
allows 
the lamp to be driven 
at lower cur- 
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rents, 
we 
may 
compare 
the 
forward 
voltage 
of 
the 
conventional 
lamp at 10 mA to that of the low current 
lamp 
at 
2 
mA. 
The 
values, 
typically 
2.2 
volts 
and 
1.8 volts 
respectively, 
indicate 
that the forward 
voltage 
is lower 
for 
the 
low 
current 
lamp 
at the 
respective 
appropriate 
drive 
conditions. 


As mentioned 
earlier, 
the low current 
lamp was optimized 
specifically 
for 
DC operation 
up to 7 mA. This 
device 
is 
not 
recommended 
for 
operation 
at high 
pulsed 
currents 
due to increased 
intensity 
degradation. 
The HLMP-3301/- 
3401 
are 
the 
respective 
high 
efficiency 
red 
and 
yellow 
lamps 
in the T-1 3/4 package 
recommended 
for high peak 
pulsed 
applications. 
Similar 
parts exist 
in T-1 and submi- 
niature 
packages. 


One of the prime 
uses for the low current 
lamp 
is in con- 
junction 
with 
CMOS 
circuitry. 
Because 
the lamp 
requires 
lower 
drive 
current 
levels, 
the 
power 
and 
drive 
circuitry 
involved 
in conjunction 
with 
CMOS 
are very often 
signifi- 


cantly 
less than the circuitry 
and power 
required 
to drive a 
conventional 
lamp. 
The 
use of the low current 
lamp then 
may 
result 
in significant 
savings 
in time, 
materials 
and 
money. 


One 
major 
area of savings 
lies in the number 
of compo- 
nents 
used in the drive 
circuit; 
less circuitry 
allows 
fewer 
components 
to be used. The resulting 
layout 
of the sche- 
matic 
will 
take 
a 
smaller 
area 
of 
the 
PC 
board 
to 
implement 
and 
the 
built-up 
circuit 
will 
use 
less 
space 


(lower 
volume), 
leaving 
room 
for 
other 
components 
or 
subassemblies, 
or for enhancing 
the overall 
compactness 
of 
l;~~ instrument. 
Thus, 
direct 
materials 
savings 
are 
achieved 
in 
actual 
component 
count 
and 
PC 
board 
fabrication. 


By using 
less power, 
the designer 
also worries 
less about 
heatsinking 
and 
cooling 
systems. 
Because 
the 
actual 
power 
is lessened, 
less power 
needs to dissipate 
through 
metalized 
PC boards 
and heatsinks. 
Moreover, 
less power 
through 
less 
circuitry 
in a given 
volume 
decreases 
the 
operating 
ambient 
temperature 
inside the case, which 
is a 
consideration 
in 
deciding 
whether 
a 
given 
device 
will 


require 
any 
form 
of 
heatsinking 
(see 
Application 
Note 
1005, 
"Operational 
Considerations 
for 
LED 
Lamps 
and 
Display 
Devices"), 


Figures 
3 and 4 illustrate 
some of these cost savings. 
Fig- 
ure 3 shows 
a drive configuration 
for a conventional 
lamp 
at a typical 
current 
of 10 mA. With this drive 
current, 
the 
circuit 
driven 
by a CMOS 
gate requires 
buffering 
by some 
external 
driver, 
namely 
the transistor 
and current 
limiting 
resistor 
shown. 
On the other 
hand, the circuit 
of Figure 
4 
shows the drive circuitry 
from 
the same CMOS 
gate supp- 
lying 
2 mA to the 
low 
current 
lamp 
in the 
circuit. 
Since 
many 
CMOS 
devices 
are able to sink approximately 
2 mA 
directly, 
external 
drivers 
are no longer 
necessary 
to turn 
the lamp on and the circuit 
is simplified 
to that of Figure 4. 


The power 
dissipation 
for the conventional 
lamp circuit 
is 
calculated 
to be: 


Pd = I E = 110 mAl (5V) = 50 mW 


For the low current 
lamp circuit: 


Pd = I E = (2 mAl 15Vl = 10 mW 


The power savings is then 40 mW 
• 


If typical 
costs are considered, 
some 
reasonable 
cost sav- 
_:: 
ings 
can 
be calculated. 
Suppose 
that 
the 
typical 
driver 
transistor 
costs $.05 each and resistors 
$.01 each, 
both 
in 
large 
quantities. 
Each 
low current 
lamp 
substituted 
for a 
conventional 
lamp could 
save $.06 in actual 
components. 


In the PC board 
layout, 
this savings 
in component 
usage 
may allow 
1/2 square 
inch 
of PC board 
area to be saved. 


Assuming 
the cost 
of fabricated 
PC board 
to be $.18 per 
square 
inch, 
we 
can 
calculate 
the 
savings 
in 
these 
materials. 


In addition, the power savings stemming from the substitu- 
tion of lamps results in savings in the power supply cost. If 
the cost of a basic power supply runs approximately 
$1.00 


per watt. then our savings of 40 mW yields a savings of 
($l.00/WI 
(0.040W) = $.04 per LED. PC board 
loading 


costs, assumed to be $.05 per component. 
may be added 


to total the savings by using the low current 
lamp rather 


than a conventional 
lamp. 


$.01 


.05 
.09 
.04 
.10 
$.29 per LED used 


Figure 5 lists some CMOS components 
which 
will sink 


approximately 
2 mA or more to drive the low current lamp 


with a 5 volt source. There are other CMOS drivers which 
will do so at 10 volts. In the case of LTTL or LSTTL logic 
families, most components 
at 5 volts will typically sink 4 to 


8 mA or more, which 
is quite sufficient 
for the lamp to 


operate. 


Resistor 
Transistor 
PC Board 
Power Supply 
PC Board Loading 


In circuits 
where 
higher 
voltages 
are 
involved, 
power 


reductions 
become even more significant. 
Figure 6 shows 


a 12 volt DC supply driving a lamp in series with a current- 
limiting resistor. The difference in total power in the circuit 
is significant 
when the comparison 
is made between con- 


ventional lamps and the low current lamp. 


For standard red lamps: 


If It = 20 mA, then Pd = I E (20 mAl (12VI = 240 mW 
for 10 units, Pd= (240 mWI (10 lamps) = 2.4 W 


For high efficiency 
red lamps: 


If It = 10 mA, then Pd = I E (10 mAl (12VI = 120 mW 
for 10 units. Pd= (120 mW) (10 lamps) = 1.2 W 


For low current lamps: 


If It = 2 mA, then Pd = I E (2 mAl (12VI = 24 mW 
for 10 units, Pd = (24 mW) (10 lamps) = 240 mW 


As shown in the example above. the power consumption 
is 


reduced by a factor of 5 to 10 simply by the substitution 
of 


the low current lamps for the conventional 
lamps. 


10LlmA) 


-4DoC 
25°C 
85°C 


Vendor 
Pert Number 
Mln, 
Mln, 
Typ. 
Min. 
Description 


Motorola 
MC14049UB 
3.6 
3.2 
6.0 
2.6 
Hex Inverter/Buffer 


MC14050B 
3.6 
3.2 
6.0 
2.6 
Non-Inverting 
Hex Buffer 


MC14053B 
2.3 
2.1 
2.3 
1.3 
Non-Inverting 
3-State 
Hex Buffer 


RCA 
CD4009A1 
3.6 
3 
4 
2.4 
Hex Inverting Buffer 
CD4009UB 


CD4010Al 
3.6 
3 
4 
2.4 
Non-Inverting 
Hex Buffer 
CD4010B 


CD4041AI 
CD4041UB 
1.8 
1.6 
3.2 
1.44 
Quad/True/Camp. 
Buffer 


CD4049A1 
CD4049UB 
3.6 
3.0 
6.0 
2.5 
Hex Inverting Buffer 


CD4050AI 
CD4050B 
3.6 
3.0 
6.0 
2.5 
Non-Inverting 
Hex Buffer 


National 
CD4049C 
4.6 
4.0 
5 
3.2 
Hex Inverting Buffer 


CD4049M 
5.6 
4.6 
5 
3.2 
Hex Inverting Buffer 


CD4050BC 
4.6 
4.0 
5 
3.2 
Non-Inverting 
Hex Buffer 


CD4050BM 
5.6 
4.6 
5 
3.2 
Non-Inverting 
Hex Buffer 


MM70C95/ 
MM80C95 
.; 


" 
MM70C97/ 


• 
MM80C97 
4.35 
4.35 
- 
4.35 
3-State Hex Buffer 
, 
MM70C96/ 
., 
MM80C96 
MM70C98/ 
MM80C98 
4.35 
4.35 
- 
4.35 
3-State Hex Inverter 


In the circuit of Figure 7, the lamp is driven by 110 volts 
AC; a current-limiting resistor and a silicon diode for pro- 
tection are included. 


Power dissipated by the resistor, the major power-using 
component, can be calculated assuming the voltage drops 
across the lamp and the silicon diode are insignificant re- 
lative to the 110volt supply: 


VPEAK 
- 
VI - 
VSi 
VPEAK 


The calculations for all three lamps are tabulated in Figure 
8. It can be seen that by reducing power, the low current 
lamp allows the use of smaller, lower wattage resistors to 
savespace and money. 


IpEAK 
IRMS 
A 
PR 
Limp 
(mA) 
{mAl 
(kn) 
(W) 


Standard Red 
20 
14.1 
7.8 
0.75 


IHLMP-30001 


High Efficiency Red 
10 
7.1 
15.0 
0.04 


(HLMP-33OO) 


Low Current 
2 
1.4 
7.8 
0.08 


(HLMP-47oo1 


In telecommunications applications there are only limit- 
ed amounts of current available to drive the accessories 
within a telephone. The reduced power consumption of 
the low current lamp makes it ideal for telecommunica- 
tions applications. A simplified diagram, shown in Figure 
9, depicts signaling with a conventional telephone. When 
the telephone is on-hook, the circuit is open and there is 
no current flow. In this condition, an incoming call triggers 
the ringing generator to energize the ringer. When the 
receiver is picked up, the telephone goes into the off-hook 
condition. At this time current is allowed to flow, allowing 
the user to connect with the calling party via transmitter 
and receiver. 


According to AT&T Technical Publication 
48002, the 


DC supply 
voltage 
usually 
comes from 
the central 


office battery, which is nominally 48 volts. In the on- 
hook 
condition, 
the 
telephone 
essentially 
draws 
no 


current; otherwise, the central office senses a trouble 
condition. When the telephone is off-hook and being 
used, the telephone must draw a minimum of 20 mA 
and a maximum of 135 mA. As with the on-hook con- 
dition, the central office senses a trouble condition for 
currents outside this acceptable range. The low current 
lamp can make efficient use of this limited supply of 
current in applications such as dial edge lighting, key- 
pad illumination, or other indicator requirements without 
the need for an external power source. 


In the case of Private Branch Exchange (PBX) systems, 
it is customary for the manufacturer of the system to 
provide an additional 
power supply for functions 
not 


already covered by the central office 
power supply, 


such as indicators. This supply varies with each manu- 
facturer, 
but for 
message indication 
in the on-hook 


condition there are typically limited amounts of current 
available. An ideal application for the low current lamp 
is line status indication on a system PBX panel. Other 
applications include message waiting lamps for 
hotel 


telephone units, or busy lamp fields at a PBX attend- 
ant console. Each lamp in the field is associated with 
a push button 
switch 
by which 
the attendant 
may 


place a call to a particular station. The lamp indicates 
whether the station is busy or idle. 


NOTE: Since a particular 
central 
office 
or 
interface 


may 
vary 
and therefore change the power supplied, 


the individual specifications for that system should be 
consulted. In most countries, the connection of equip- 


ment 
to the telephone 
network 
is regulated 
by a govern- 
ment 
agency. 
In 
the 
U.S., 
Part 
68 
of 
the 
FCC 
Rules 
and 
Regulations 
governs 
the 
connection 
of 
terminal 


equipment 
to 
the 
telephone 
network. 
There 
are 
also 
available 
Bell System 
Technical 
Publications 
which 
docu- 
ment 
various 
aspects 
of 
the 
telephone 
network. 
For 
more specific 
information, 
contact: 


Division 
Manager 
- 
Information 
Systems 
American 
Telephone 
and Telegraph 
Company 
30 Knightsbridge 
Road 
Piscataway, 
NJ 08854 


(201) 966-7111 


Minimizing 
size 
and 
weight 
for 
a 
power 
supply 
has 
always 
been 
an 
objective 
for 
those 
who 
design 
instru- 
ments, 
especially 
portable 
equipment. 
The 
reduction 
of 
drive 
current 
required 
for 
adequate 
brightness 
and 
vis- 
ibility 
means 
that 
smaller, 
lighter 
power 
supplies 
may 
be used 
without 
sacrificing 
performance, 
or that 
a given 
power 
supply 
will 
not 
be as 
heavily 
loaded, 
extending 
the 
operating 
life 
of the 
supply. 
Such 
is the 
case 
with 
the 
battery, 
a 
common 
portable, 
lightweight 
power 
source. 
A 
smaller 
drain 
imposed 
on 
a given 
size 
cell 
extends 
the 
service 
life 
of 
the 
cells; 
for 
example, 
Fig- 
ure 
10 shows 
some 
typical 
discharge 
characteristics 
at 
several 
drain 
values 
for 
an 
alkaline 
"C" 
cell. 
In 
order 
to 
drive 
25 
conventional 
lamps, 
a 
supply 
of 
(25) (10 
mAl 
= 250 
mA 
forward 
current 
is required. 
According 
to 
Figure 
10, a 250 
mA 
drain 
would 
typically 
exhaust 
the 
battery 
in 
less 
than 
15 
hours. 
However, 
25 
low 


current 
lamps 
would 
need 
only 
(25l 
(2 mAl 
= 50 
mA 
drive 
current. 
The 
discharge 
characteristirs 
indicate 
that 
the battery 
would 
last for 125 hours at 50 mA. 


Another 
possibility 
is that· the 
decrease 
in drive 
require- 
ments 
may 
make 
appropriate 
the 
use 
of 
"AA" 
cells 
instead 
of the 
same 
number 
of "C" 
cells 
without 
saCri- 
ficing 
performance. 
A typical 
drain 
characteristic 
for 
an 


"AA" 
cell 
is 
graphed 
in 
Figure 
11. 
From 
the 
previous 
example, 
15 hours 
of service 
life 
can 
be obtained 
from 
the 
"C" 
cell 
to 
drive 
the 
25 
regular 
lamps; 
if 
25 
low 


current 
lamps 
are 
used, 
the 
current 
decreases 
to 
50 
mA. 
From 
Figure 
11, it can 
be seen 
that 
a drain 
of 50 
mA 
would 
yield 
approximately 
15 
hours 
as 
well; 
the 
same 
amount 
of 
service 
is obtained 
with 
a set of 
bat- 
teries 
which 
are 
not 
only 
physically 
smaller 
by 
about 
80%, but are also typically 
less expensive. 


Figure 
12 lists the typical 
household 
alkaline 
cells accord- 
ing to ANSI 
specification 
C18.1979. 
The 
table, 
restricted 
to 
the 
common 
household 
cells 
only, 
charts 
approxi- 
mate 
voltages 
and 
dimensions. 
In 
addition 
to 
these 


ANSI 
specifications, 
the 
table 
also 
lists 
comparative 


capacities 
and weights. 


100 


HOURS 
OF 
SERVICE 
AT 
20°C 


> 
I 
w 
~ 
~ 
"C" 
CELL 
WITH 
25 
CONVENTIONAL 
LAMPS 
AT 
250 mA 
TOTAL 
DRAIN 


Typical 
Approximate 
Volume 
Approximate 
Weight 
Cell Type 
Voltage 
(V) 
Capacity 
(mAlhr) 
(cu. in.) 
(cc) 
(oz.) 
(gm) 


N 
1.5 
700 
0.19 
3.1 
0.34 
9.6 


AAA 
1.5 
800 
0.22 
3.6 
0.42 
11.9 


AA 
1.5 
1700 
0.48 
7.8 
0.82 
23.3 


C 
1.5 
5000 
1.59 
26.1 
2.28 
64.9 


D 
1.5 
10000 
3.31 
54.3 
4.47 
127.0 


1604 
9.0 
500 
1.26 
20.6 
1.72 
48.9 


For 
further 
information 
on 
selecting 
the 
appropriate 


battery for a given application, 
the following 
resources 


may be contacted: 


Duracell International Inc. 
Battery Technology Company 
So. Broadway 
Tarrytown, New York 10591 
(914)591-7000 


Ray-O-Vac Corporation 
101 E. Washington Avenue 
Madison, Wisconsin 53703 
(608)252-7400 


Union Carbide 
Battery Products Division 
Old Ridgebury Road 
Danbury, Connecticut 06817 
(203)794-2000 


• 


